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Uvod

., V podstaté veskery Zivot zavisi na pude ... Zivot nemiize existovat bez piidy
a zadna piida nemiiZe existovat bez Zivota, vyvinuly se spolecné. “

(Charles Kellogg)

‘

,,Narod, ktery nici piidu, nici sam sebe. *

(Franklin Delano Roosevelt)

Pida patii mezi nejcennéjsi bohatstvi kazdého statu. Diilezitost a vyznamnost ptidy se
ve spolecnosti zejména v pribehu 20. stoleti postupné vytracela. To vedlo az ke stavu,
kdy zemé&délské pozemky s tirodnou ptidou byly intenzivnim zeméd¢€lstvim doslova
drancovany. Tento zptsob hospodateni byl samoziejmé trvale neudrzitelny. Dopady
intenzivniho zemédélstvi se projevily ve snizené urodnosti pud, znecisténi fek
a dalSich slozek Zivotniho prostiedi. Jiz ve druhé poloving 20. stoleti se u nas zacaly
objevovat ndzory na potiebu ochrany pidy pifed jeji degradaci. Od polistopadové
revoluce tyto ohlasy a potfeby na ochranu pudy neustale sili. Zemédélstvi je v dnesni
dobé zaloZeno z velké ¢asti na ziskavani dotaci. K tomu, aby zemédélec doséhl na
pfislusnou dotaci, musi dodrZovat fadu opatfeni. Zavadéné zmény tykajici se ochrany
pudy vSak prozatim nejsou dostate¢né. Postupné tak u nas, ale i ve svété dochazi ke

zhorSovani stavu pud. Spole¢nost si bohuzel nedokaze dostate¢né uvédomit, ze pida

ma své limity, které nesmi byt piekroCeny. Jeji obnova ptitom trva stovky az tisice let.

Ptestoze se podminky pro hospodatreni na zeméd¢€lské pude zpiisiuji, paradoxné je na
pudu kladen stale vétsi tlak. Tlakem jsou mySleny piedevS§im: snizujici se vymeéra
zemedélské pudy (zabor v dasledku zéstavby), zmény klimatu a rtist populace. Do
budoucna bude nezbytné zvysit celkovou produkci potravin na ubyvajici vyméie
zemédelské pudy a prizptsobit hospodareni extrémnimu pocasi. Tato skute¢nost stavi
zemedelstvi do nelehké tlohy. V zasadé je potieba skloubit tfi zdkladni ukazatele:
zajistit pozadované vynosy pro obzivu, ochranit pudu pted degradaci, hospodafit za

ekonomicky udrzitelnych podminek. Vlivem technologického pokroku dnes zname



zpusoby hospodareni spliujici vSechny tfi vyse zminéné ukazatele. Tento zpusob
hospodateni miizeme nazvat jako ptidoochranny. Pro zajisténi trvale udrzitelného
rozvoje bude v budoucnu nutné vyuzivat ptidoochranny zplisob hospodafeni stale
Cast&ji. V Ceské republice se jiz nékolik let musi pii péstovani plodin s nizkou
ochrannou funkci na erozn€¢ ohrozenych pozemcich hospodafit s vyuzitim
pudoochranné technologie s cilem omezit nadmérnou degradaci pidy. Vzhledem
k ptredpokladu rostouci vyznamnosti ptidoochranného zptisobu hospodareni je
nezbytné sledovat a kvantifikovat pfinosy téchto technologii. Disertaéni prace je
z tohoto divodu zaméfena na kvantifikovani degradacnich procesti zpusobenych
vodni erozi u tfech vybranych zeméd€lskych plodin, které jsou svym tradi¢nim

zpusobem péstovani nachylné ke vzniku vodni eroze.

Pti vybéru byl kladen diraz, aby ovérované plodiny a jejich technologické postupy
pestovani mély v ramci Ceského zeméd€lstvi urcity vyznam. Pro vyzkum byl proto
zvolen chmel, kukufice a Cirok. Vzhledem k tomu, Ze ¢esky chmel mé ve svété své
vysadni postaveni, rozhodl se na§ vyzkumny tym ovéfit a kvantifikovat pidoochranny
zpusob hospodateni pravé ve chmelnicich. Chmelnice vyskytujici se na svazitych
pozemcich patfi pfi klasickém zplsobu hospodafeni mezi vibec nejvice erozné
ohrozené plochy. Druhou vybranou plodinou byla kukufice seta. Ta je u nas nejcastéji
péstovanou erozné¢ nachylnou plodinou. Kukufice setd zaroven spadd mezi
tzv. plodiny s nizkou ochrannou funkci piidy a je zadouci mit k dispozici ovéfené
pudoochranné zplisoby péstovani. Treti ovéfovanou zemédelskou plodinou byl ¢irok.
Cirok lze chépat jako uréitou alternativu ke kukufici. Diky probihajicim klimatickym
zméndm a postupnému riistu teploty by mohl byt ¢irok v budoucnu vice vyuzivan. Ma

tak na uzemi Ceské republiky znaény potencial.

V ptipadé¢ vyuziti pidoochranného zpiisobu hospodareni ovéreného v disertacni praci
si mize kone¢ny uzivatel udélat redlnou piedstavu o protierozni ti€innosti jednotlivych
technologii ve srovnani s konvenénim hospodafenim. V ptedstavenych studiich bylo
sledovano mnozstvi erodovaného materialu, velikost povrchového odtoku a mnozstvi
vyplavené organické hmoty. Omezeni degradacnich faktorti je zakladnim pozadavkem

pro dosazeni trvale udrzitelného hospodareni.



Cile disertacni prace

Zemgdelska ¢innost by méla byt rentabilni, ale zaroven ,,Setrna* k Zivotnimu prostredi,
obzvlasté pak k pidé samotné. Jednou z moznosti, jak tohoto stavu dosahnout je
vyuziti pidoochrannych technologii. Jejich uplatiovanim je mozné dosahovat
odpovidajicich vynosi a soucasné¢ omezovat rozsah degradac¢nich procest
probihajicich v pad¢. Degradace pudy je a nadéle zcela jist¢ bude celosvétovym
problémem. Proto je potifeba ovéfovat vhodné zplsoby hospodateni. Jednotlivé
degradacni procesy (vodni eroze, utuzeni, nedostatek organické hmoty v pid¢ apod.)
spolu uzce souvisi. Na ptidu tak musime nahlizet jako na jeden celek a degradaci pady

fesit komplexné.
V ramci disertacni praci byly vymezeny tfi zakladni cile:

» ovetit pomoci polniho simuldtoru desté¢ pidoochranny a konvencni zplisob
hospodateni u pfedem vybranych zemédé€lskych plodin (chmel, kukufice,
¢irok),

» kvantifikovat ptidoochranny efekt u jednotlivych technologii (stanovit miru
vodni eroze, mnozstvi povrchového odtoku a vyplavovani organické hmoty),

» poskytnout zemédélské vetejnosti informace o technologiich, pomoci kterych

bude mozné trvale udrziteln¢€ hospodatit na pozemcich s danou plodinou.



Literarni reSerse

Pida a jeji funkce

Piida ma v ramci ekosystému velmi dulezitou roli (Haygarth a Ritz, 2009; Grét-
Regamey et al., 2016; McBratney et al., 2014). Vznika na rozhrani mezi atmosférou,
hydrosférou, litosférou a biosférou a tvoti jakysi obal Zem¢ (Bouma, 2010; Dominati
et al., 2014). Jeji existence je jednim ze zakladnich ptfedpokladt veskerého
pozemského zivota (Blanco a Lal, 2008). Prave na pidé je mozné poukdzat na sloZitost
a komplexnost ptirodnich systémil. Véda zabyvajici se plidou znamena studium
komplikovanych, vzajemné provazanych procesi tykajicich se fyzikalnich,
chemickych a biologickych slozek pidy (Shainberg, 2000). Tradi¢né je puda
v zemédélstvi povaZzovana za zakladni vyrobni prostiedek (Morgan, 2009), kdy
utvaii prostiedi rast zemédélskych plodin (Larson a Perce, 1991; Blanco a Lal, 2008).
Pida ma fadu dalSich neméné vyznamnych tzv. ,,mimoprodukénich® funkei.
Jejich piehled je uveden v knize Piida a jeji hodnoceni v CR — Dil I. (Vopravil et al.,
2010). V publikaci jsou uvedeny nasledujici funkce:

filtracni funkce pidy — umoziuje vsak vody do padniho prostfedi (infiltraci)
a propustnost vody pfi prichodu timto prostfedim. Voda se zaroven obohacuje o latky
obsazené v pidnim prostifedi a ma schopnost je pfipadné neutralizovat (napt. kyselé
srazky). Filtracni funkce plidy zdsadnim zpsobem ovliviiuje dotaci, sloZeni a kvalitu

podzemnich vod, pramenti, vodnich tokti a nadrzi.

retenéni a akumulaéni funkce pudy — je chapéna jako retence vody v pidé, ale
zadrzovana je cela fada dalSich latek. Mohou to byt rostlinné ziviny v organické hmot¢
nebo v mineralnim sorpénim komplexu. Pida miize vazat riizné znecist'ujici latky,

polutanty ¢i kontaminanty. Reten¢ni potencial pidy je obrovsky.

pufracni schopnost pidy — tlumi dynamiku nékterych ptiidnich vlastnosti. Pufracni
funkce tlumi zmény pldni reakce (okyselovani, acidifikace), rychlé teplotni zmény
apod. Pti vyrazném poklesu piidni reakce vyvolané zvenci, ztraci piida svou pufracni

schopnost a zmény jsou nevratné.



transformacni funkce piidy — zabezpecuje preménu latek v jejich cyklu, umoziuje
procesy rozkladu, mineralizace a syntézy. PoruSeni této funkce muze zptsobovat
znecisténi pady a padni vody nebo problémy s vyzivou rostlin. Na transformacni

funkci navazuje funkce asanacni.

asanac¢ni funkce — je soucasti transformacni funkce a Casto s ni byva spojovana. Svym
vyznamem zahrnuje procesy rozkladu a mineralizace zivociSnych (a lidskych)
organismt. Na asana¢ni funkci pudy jsou kladeny pozadavky pii vybéru mist pro

hibitovy.

transportni funkce — umoziuje migraci latek v ptidnim prostfedi a vzajemny pienos
latek mezi pedosférou, hydrosférou a atmosférou. Transport latek probiha vertikalné
(nahoru do atmosféry, doltii do geologického podlozi a podzemnich vod) i paralelné
s povrchem pldy (smyvem po povrchu, vnitropiidnimi toky v zavislosti na reliéfu

a klimatu). Nejcast&j$im transportnim médiem je v pud¢ voda.

funkce pudy jako genové rezervy a prostiedi pro Zivo¢ichy — pida je zivotnim
prostorem a zdkladem Zivota vSech suchozemskych organismii. Pro dosaZeni
optimalnich pidnich podminek je nezbytna pfitomnost organismli a mikroorganismi

v pidnim prostiedi.

kulturni funkce pidy — diky pidé mizeme lépe porozumét historickému vyvoji
pfirody a lidské Cinnosti. Pida mé tu schopnost, ze ve svych znacich archivuje
a uchovava zmény klimatu, vegetace. Do této oblasti rovnéz spadaji paleontologické

a archeologické nélezy.

VSechny pldni funkce (produkéni i mimoprodukéni) jsou v uzkych vzijemnych
vztazich a jsou zranitelné degrada¢nimi procesy. K tomu, aby ptida mohla plnit své
funkce, nesmi byt zdsadnim zplisobem tyto vzajemné vztahy naruSeny. Gram pudy
muze obsahovat az miliardu bakterialnich bunék z deseti tisic druha (Fierer, 2017).
Pravé stav piidni bioty je povazovan za nejcitlivéjsi ukazatel kvality pidy diky vysoké
citlivosti na zmény podminek prostiedi (Bastida et al., 2008; Bone et al., 2010;
Kibblewhite et al., 2008).

BohuzZel v dne$ni dobé jsou ¢asto vlivem dlouhodobého intenzivniho zeméd¢lstvi tyto
pudni vztahy naruSeny, coz nasledn¢ ovliviiuje fyzikalni, chemické a biologické

vlastnosti pudy. Na pfipadné zmény ve zplsobu hospodateni, at’ uz pozivitni nebo



negativni, obvykle reaguji ptidy pomalu. To je pfi¢ina, pro¢ je obtizné urcit zmeny
v pudni kvalité pfedtim, nez dojde k nendvratnému poskozeni (Nortcliff, 2002). Pti
zachazeni s pudou nesmi byt Clovék kratkozraky, ale je nutné brat v potaz, ze ptida ma
zcela zasadni roli ve stabilité¢ ekosystému (Blanco a Lal, 2008), a Ze 1 dalsi generace
budou muset hospodafit na ptidé za Gcelem obzivy. Neni jim proto mozné piedat

degradovanou ptidu, kde bude jen velmi obtizné dosdhnout pozadované produkce.

Degradace ptidy — problém celého svéta

Celkovy stav plidy a rozsah jeji degradace siln¢ zavisi na zptisobu hospodateni (Blaikie
a Brookfield, 1987; Nachtergaele et al., 2011). Pfipadné naruseni postihuje cely
ekosystém (Robinson et al., 2013) vcetn¢ lidské spolecnosti a jejiho zdravi (Oliver,
1997). Samotnd degradace pidy obvykle znamena naruseni ¢i zménu pudnich
vlastnosti (fyzikalnich, fyzikalné-chemickych, chemickych a biologickych), coz se
projevuje v poklesu kvality piidy (Johnson et al., 1997; Lal, 2009). Degradaci ptdy
ovlivituje mnoho Cinitell. Mezi nejduilezitéjsi fadime trvale neudrZitelné zpisoby
hospodateni (Dudka a Adriano, 1997). Zeméd¢lstvi od svého vzniku v Neolitu proslo
fadou zmén po celém svété. Vysledkem lidské Cinnosti byly postupné zmény krajiny
a zivotniho prostfedi (Bouma et al., 1998; Huntley et al., 2002; Kaplan et al., 2009).
Ty se projevily v oblasti hydrologie, biologie, pidy apod. (Benito et al., 2010; Macklin
et al., 2010). Dlouhodoba degradace plidy spociva v postupném poklesu produkce
a schopnosti ptidy vyrovnavat se s piipadnymi negativnimi vlivy (Lal, 2001; Okleman,

1988).

Za hlavni degradacni procesy jsou povazovany: eroze pudy zpusobena vodou ¢i
vétrem, extrémni pldni reakce (okyselovani pil ¢i jejich zasolovéani), degradace
struktury ptidy, nadmérné utuzeni a zamokieni, pidni sucho, soliflukce, desertifikace,
ztrata organické hmoty, biologicka degradace, nepfiznivé zmény v obsahu a kolobéhu
zivin, pokles pufraéni schopnosti pidy nebo kontaminace pfirodnimi
a antropogennimi zdroji (Blum, 1997; Varallya, 1989). Jednotlivé typy degradace
spolu vzajemné souvisi. Prevazujici typ degradace podminuje vznik dal§ich typt

a dochézi tak k fetézové reakci, kterou je obtizné zastavit (MZe, 2018).
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V soucasnosti je celosvétoveé degradaci ohrozeno velké mnozstvi zemédé€lské pudy.
Obecné se predpoklada, Ze je zasazeno nékterym z typi degradace ptiblizné 30 %
zemského povrchu (Nkonya et al., 2016). Bai et al. (2008) uvadi ve své studii odhad
podilu degradacnich procesti na celkové degradaci pudy: vodni a vétrna eroze (az
83 %), nedostatek zivin (cca 4 %), nadmérné zasoleni (méné nez 4 %), kontaminace
pidy (cca 1 %), $patna struktura pady (cca 4 %). V Ceské republice je vodni erozi
potencionalné ohroZeno vice nez 50 % zemédélské pudy (Sarapatka a Bednaf, 2015).
V situaéni zpravé o ptidé od Ministerstva zemédélstvi Ceské republiky (MZe, 2018) je
rovnéz uvedeno potencionalni ohrozeni vodni erozi vyssi nez 50 % celkové rozlohy
pudniho fondu. Z hledika dalSich degrada¢nich procesi je ve zpravé uvedeno
potenciondlni ohroZeni: vétrnou erozi 18 % tzemi, utuzenim 49 % tGzemi a acidifikaci

62 % uzemi.

Podle dokumentu Evropské komise (2006) Thematic Strategy for Soil Protection jsou
v Evropé z hlediska piidy hlavnimi hrozbami: eroze piidy (odhaduje se, ze 115 milioni
hektarti je vysvateno vodni erozi a 42 miliont hektart erozi vétrné), pokles organické
hmoty (az 45 % evropské plidy ma maly obsah organické hmoty), lokalni a plosné
zneCisténi (potencialné kontaminovanych oblasti je pfiblizn€ 3,5 milionu hektar),
zabor pudy v dasledku zastavby, utuZeni, pokles biodiverzity, zasoleni, povodné
a s nimi spojené sesuvy pudy. VSechna vyse uvedena Cisla je potfeba brat s urcitym
nadhledem, nebot” piesné vycisleni rozsahu degrada¢nich procest je velmi obtizné

(Gomiero, 2016).

Vysledkem zanedbavané degradace plidy mulZe byt az nevratna degradace pidniho
fondu (Morgan, 2009). Nastésti ve vyspélém svéte jiz dochdzi k posunu smérem
k ochrané pudy a podpofie udrzitelného vyuzivani ptidy v podobné mite jako v oblasti
shledavat v rozSifovani legislativnich nafizeni a pfedpisti zahrnujicich ochranu pidy,
optimalizaci managementu hospodateni, posuzovani vlivii zeméd¢€lské Cinnosti na
Zivotni prostiedi a jejich nasledné kvantifikaci (Fleming et al., 2000; Glasson et al.,
2005; Nathanail a Bardos, 2005; Urusevskaya, 2007). Opatteni tykajici se ochrany
pudy nicméné¢ stale nejsou dostate¢na. Ve svétovém méfitku 1 v dnesni dobé v mnoha
regionech zcela prevladaji ekonomické ukazatele nad ptfirodnimi (Syvitski, 2005;

Syvitski a Kettner, 2011; Jenny et al., 2014).
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Vodni eroze jako jeden z degradac¢nich procesii

wevr

et al., 1990; Novara et al., 2011). Jiz ve druhé poloving 19. stoleti byla eroze pidy
povazovana za jeden z nejvyznamnéjSich environmentalnich problémt (Bakker et al.,
2007). V souvislosti s erozi je potieba si uvédomit, ze jeden centimetr pudy se tvofi
desitky az stovky let a nasledna obnova takto degradované pudy je velmi dlouhym,
nakladnym procesem (Randolph, 2004). Erozi Ize oznacit za pfirodni proces, pii
kterém dochéazi k rozruSovani povrchu pidy, transportu pudnich castic a jejich
nasledné sedimentaci v nizSich polohach svahu. Smyté plidni Castice jsou ptipadné
dale transportovany v hydrografické siti (Blanco a Lal, 2008; Piccarreta et al., 2012).
Ackoliv je vyskyt vodni eroze staly a ptirozeny jev, jeji rozsah je silné ovliviiovan
lidskou €innosti, obzvlasté pak neudrzitelnym zplsobem hospodateni (Boardman et
al., 1990; Cerda, 1994; Martinez-Casasnovas et al., 2016; Montgomery, 2007). Vodni
eroze podporend lidskou ¢innosti odnési piidni ¢astice v takovém rozsahu, Ze nestaci

byt nahrazeny prirozenym ptudotvornym procesem (Vopravil et al., 2010).

vvvvvv

topografické podminky (Cerdan et al., 2010; Koulouri a Giourga, 2007; Musgrave,
1947), kde rozhodujici je velikost sklonu svahu a jeho délka (McCool, 1982; Zachar,
1982; Koulouri a Giourga, 2007); zpisob hospodareni (Mondal et al., 2015);
vegetacni pokryv pidy (Paroissien et al., 2015); nachylnost piidy k erozi (Blanco
a Lal, 2008); intenzita desté (Bouraoui et al., 2004; Tang et al., 2015; Zhang, 2012);
¢asové rozdéleni srazek v pribéhu roku (Maeda et al., 2010). Pokud piivalové deste
zasdhnou nechranénou zemédé€lskou pidu, maji silné erozivni ucinky. V takovém
ptipad¢ miZze dojit k vyraznému snizeni orni¢ni vrstvy béhem relativné kratké doby.
Diky vysoké intenzité srazek dochdzi k prekroceni infiltra¢ni kapacity pudy (Poesen
et al., 2003), je snizovana jeji saturacni schopnost (Kirkbride a Reeves, 1993; Zachar,
2011), postupné je zvySovana pudni vlhkost (Imeson a Lavee, 1998; Nearing et al.,
2004) a nastdva povrchovy odtok. V ném se vlivem kinetické energie srazek
dopadajicich na ptidu akumuluji oddélené pidni Castice (Poesen et al., 2003). Tyto

procesy nasledné vyvolavaji vodni erozi pidy (Mohamadi a Kavian, 2015).
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Mnozstvi sedimentu v povrchovém odtoku je zavislé nejen na uvolnéni ¢astic pudy
srazkou, ale rovnéz na rychlosti povrchového odtoku a vznikajicim te¢ném napéti na
povrchu pidy (Morgan, 2009). V misté smyvu vznikd fada problémi v podobé
zhorSenych fyzikalnich, chemickych a biologickych pidnich vlastnosti (Lal et al.,
2000). Eroze zpisobuje fadu problému mimo zasazeny pozemek. Ptikladem je
ukladani sedimentti v fi¢nich korytech ¢i zanaseni vodnich nadrzi (Mullan, 2013). Do
vodnich tokt se touto cestou dostava velké mnozstvi té€Zkych kovii, hnojiv a pesticidi.
To muize vaznym zptisobem ovlivnit kvalitu vodnich zdroji (Vanmaercke et al., 2011),
byt pri¢inou vodni eutrofizace nebo negativnim zptisobem ovlivnit kolobéh uhliku,

dusiku a fosforu (Chen et al., 2010; Quinton a Catt, 2007).

Pti hodnoceni rozsahu vodni eroze a jejiho vlivu na plidni vlastnosti je potieba pocitat
s velmi velkou rozmanitosti ptidniho prostiedi (Simek et al., 2019). To, co plati pro
jednu oblast, nemusi platit v oblasti jiné. Kazdé misto na nasi planeté je svym
zpusobem jedinecné a to samé plati pro ptidu (RejSek a Vacha, 2018). Zmény plidnich
vlastnosti v dusledku eroze jsou dlouhodobym procesem (Duan et at., 2011)
a zpravidla je nelze hodnotit v kratkych ¢asovych usecich. Tato skute¢nost nutné vede
k urcité nejistoté pii méteni plidnich vlastnosti, pfesto je mozné stanovit obecny vliv
vodni eroze na nékteré pudni vlastnosti: 1) v misté smyvu je sniZovina mocnost
svrchni vrstvy pudy (Lowery et al., 1995; Fullen a Brandsma, 1995; Arriaga et al.,
2003). Je to jeden ze zakladnich ukazatel vodni eroze (Ebeid et al., 1995); 2) obsah
organické hmoty v ptidé se piisobenim eroze méni (Papiernik et al., 2009; Sarapatka
et al., 2018). Organicka hmota je vyplavovana a erodovany pozemek se stavd méné
urodnym; 3) vodni eroze ma vliv na zastoupeni zrnitostnich frakei v ptadé (Litaor,
1992; Fullen a Brandsma, 1995). Obecnym piedpokladem je, Ze nejprve jsou odnaseny
jemngéjsi Castice. Az nasledné s rostoucim povrchovym odtokem a jeho transportnimi
silami jsou postupné odnaSeny t¢z§i pidni castice (Pasdk et al., 1984). Vysledkem
muze byt vyssi Stérkovitost pozemku; 4) svym piisobenim ovliviiuje vodni eroze
rozmisténi i mnoZstvi mikroorganismi v pudé (Garcia a Hernandéz, 1997).
Rozmisténi mikroorganismti do jisté miry odpovid4d rozmisténi organické hmoty,
nebot’ mikroorganismy jsou jeji soucasti. Cast organické hmoty je navic pro
mikroorganismy potravou, a tudiz jejich Cetnost vzristd s riistem organické hmoty
v pid¢ (Moreno-de las Heras, 2009; Mabuhay et al., 2006; Hou et al., 2014); 5) vodni

eroze ma vliv na padni reakci (Gachene et al., 1997); 6) béhem procesu eroze je
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ménéna struktura pudy (Packer et al., 1992; Bronick a Lal, 2005). Vliv vodni eroze
na strukturu pidy je vSak velmi tézko meéfitelnd pidni vlastnost, jelikoz se tyka
prostorového usporadani castic; 7) vodni eroze ovliviiuje porovitost pudy
(Abdullahi, 2018; Jankauskas et al. 2008; Ebeid et al. 1995); 8) na erodovaném misté
dochazi k nadmérnému vyplavovani chemickych liatek pritomnych ve svrchni
vrstvé pidy. Zejména je vyplavovan fosfor a dusik, ale i dal§i chemické latky
(Papiernik et al., 2009; Fullen a Brandsma, 1995); 9) vodni eroze ptsobi na reten¢ni
kapacitu pud (Lowery et al., 1995). Spitz et al. (2000) uvadi zavislost reten¢ni
kapacity pudy na hloubce ptdy, zrnitostnim slozeni, obsahu skeletu a humusu ¢i na
pudni struktufe. Pokud jsou uvedené ptdni vlastnosti ovliviiovany vodni erozi, je

pfedpoklad nasledného ovlivnéni retencni kapacity pudy.

Vodni eroze se déli z hlediska rozsahu do nékolika forem. Podle Prirucky ochrany
proti erozi zemédelské puidy (Novotny et al., 2017) mlze byt vodni eroze plosna,
ryzkova, brazdova, ryhova, vymolna a strzova. McCool a Williams (2008) uvadi, ze
zakladem vodni eroze je ploSna a ryhova eroze. Za prvni fazi vodni eroze pudy je
povazovana eroze plosna. Angulo-Martinez et al. (2012) ji definuje jako komplexni
proces, ktery zplsobuje odd€lovani piidnich castic vlivem dopadajicich destovych
kapek na povrch pidy a jejich nasledny ptesun na kratkou vzdalenost (Jomaa et al.,
2012; Hudson, 2006; Kinnell, 2005; Morgan, 2009; Ryzak et al., 2015; Sempere-
Torres et al., 1994). Ryhova eroze nastava pii soustiedéném povrchovém odtoku
(Poesen et al., 2003) a Valentin et al. (2005) ji oznacuje za hlavni formu eroze po
celém svété. Pudy jsou takto nendvratné ochuzovany o orni¢ni vrstvu (nejurodné;si
¢ast), coZ ma negativni ekonomicky dopad na uzivatele plidy. Ten musi zvySovat
vnéjsi vstupy do ptdy s cilem udrzet pozadovanou trodnost a zisk (Morgan, 2009).
ZvySovat vnéjsi vstupy v podob€ minerdlnich hnojiv a jinych agrochemikalii nejde
donekonec¢na. Naopak by méla byt snaha tyto ptirod¢ cizi latky omezovat na minimum.
Pochopeni procesii spojenych s vodni erozi je klicovym faktorem pro uplatiovani
spravného hospodaiského managementu, jehoz cilem je minimalizace erozniho

ohroZeni (Garcia-Diaz et al., 2017; Keesstra et al., 2016).
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MozZnosti piadoochranného hospodateni

Pidoochranné technologie jsou oznaCovany jako néstroj na omezeni vodni eroze
a jejich cilené zavadeéni do systémil hospodareni je znamé od konce 40. let 20. stoleti
(Morgan, 2009; Montgomery, 2007; Cerda et al., 2009). Pidoochranny zptisob
hospodafeni mé fadu piinost a principem je sniZzeni poc¢tu agrotechnickych operaci
a minimalizace zpracovani pudy. Rovnéz by mél byt kladen diiraz na ochranu
vetejného zdravi a bezpecnosti (Brevik a Sauer, 2015; Galati et al., 2015; Marques et

al., 2015; Mekonnen et al., 2015).

Pidoochranné hospodateni je zaloZeno na zakladech trvale udrzitelného hospodateni,
které ma tfi hlavni pilife: zodpovédny pfistup k pade, zajisténi ekologickych funkci
krajiny a ekonomicky konkurenceschopna produkce (Smutny et al., 2015). Naopak
konvenc¢ni hospodateni chdpe pidu pouze jako vyrobni sloZku a je Siroce spojovano
s negativnimi dopady na fyzikalni, chemické a bilogické vlastnosti pidy (Uri, 2000;
Nail et al., 2007; Moussa-Machraoui et al., 2010). Na rozdil od pidoochrannych
technologii je spojeno s orbou a silnym naruSenim povrchu pidy s méné nez 15 %
rostlinnych zbytki na povrchu (El Titi, 2002). Tento zplsob zpracovani pudy je
oznacovan za hlavni pfi¢inu sniZovani obsahu organické hmoty a Zivin v pidé

(Mutema et al., 2013).

Charakteristickym znakem ptidoochrannych technologii je naopak ponechéani zbytkl
pfedplodin nebo biomasy meziplodin na povrchu pidy, pfipadné jejich mélké
zapraveni (Alberts a Niebling, 1994; Blanco a Lal, 2008). Rostlinné zbytky na povrchu
pudy pfinasi n€kolik pozitivnich efektti: 1) chrani pidu pred dopadajicimi kapkami
(Blavet et al., 2009; Jordén et al., 2010; Sadeghi et al., 2015), ¢imz dochdzi ke snizeni
povrchového odtoku a ztraty piidy (Cook et al., 2006; Garcia-Orenes et al., 2012;
Keesstra et al., 2016; Prosdocimi et al., 2016). Pravé ztrata pldy a omezeni
povrchového odtoku patii mezi vyznamné benefity rostlinnych zbytki (Cerda, 2001;
Groen a Woods, 2008; Prats et al., 2014); 2) zvySuji drsnost povrchu (Cerda, 2001;
Jordén et al., 2010). Zdrsnély povrch zpomaluje povrchovy odtok a umoziluje
zachytavani ptdy a zivin (Cerda, 1998; Gholami et al., 2013); 3) zvySuji infiltracni
kapacitu (Jordan et al., 2010; Wang et al., 2016) a zasobu vody v pudé (Cook et al.,
2006; Mulumba a Lal, 2008); 4) podporuji biologickou aktivitu nékterych druhu

15



Zivo€ichi, napft. zizal, ale i samotnych plodin (Fonte et al., 2010; Thierfelder et al.,
2013); 5) pozitivné ovliviiuji celkovy kolobéh zivin (Campiglia et al., 2014);
6) zlepsuji stav pudni struktury a obsah organické hmoty v pidé (De Silva a Cook,
2003; Karami et al., 2012); 7) reguluji svou pritomnosti teplotu svrchni vrstvy
pudy, coz mé pozitivni vliv na kliceni rostlin a rozvoj jejich kofenového systému
(Dahiya et al., 2007; Riddle et al., 1996); 8) sniZzuji evaporaci (Qin et al., 2006;
Vanlauwe et al., 2015). Obecné je dalSim benefitem piidoochrannych technologii
zlepsena pudni urodnost a produktivita piidy (Kagabo et al., 2013). V neposledni fadé

pudoochranné technologie udavaji esteticky raz krajiny (Peng a Han, 2018).

Rada autort (Verstraeten a Poesen, 1999; Nyssen et al., 2010; Vanmaercke et al.,
2010) shledava nejvétsi vyznam piildoochrannych technologii v omezeni povrchového
odtoku. Ten ma podle nich v pidoochrannych systémech klicovou roli. Pokud se voda
zachyti v misté¢ dopadu, rostliny maji k dispozici vétsi mnozstvi vody. Vysledkem je
zvySena celkova zemédélskd produkce. Pokud je omezen povrchovy odtok, je snizen
smyv pudy (Gonzalez-Hidalgo et al., 2010), nebot’ tyto dva procesy spolu uzce souvisi
(Maetens et al, 2012) a jsou zékladnimi ukazateli vyjadiujici UCinnost

pudoochrannych technologii.

Pii ptidoochranném zptisobu hospodateni je ¢asto vyuzivano seti (sdzeni) do mulce
a strnisté. Terminem mul¢ je mySlen materidl na povrchu pidy, ktery trvale nebo
docasné chrani piidu a prispiva k rustu plodin (Jordan et al., 2011). Zpravidla se jedna
o organicky materidl tvofeny poskliziiovymi zbytky pfedplodiny nebo o vymrzlou,
pfipadné¢ chemicky umrtvenou meziplodinu. Pfi dlouhodobé&jSim vyuzivani
meziplodin v osevnich postupech se o¢ekava ptiznivy vliv na vynosy hlavnich plodin
(Javiirek a Vach, 2009). Mul¢ mohou rovnéz tvofit biologicke textilie, Stérk a kameny

(Blavet et al., 2009; Jiménez et al., 2016; Jordan et al., 2010; Keizer et al., 2015).

V dne$ni dob& existuji vhodné plidoochranné technologie pro vétSinu erozné
nachylnych plodin péstovanych v Ceské republice. Piidoochranné technologie jako
takové spadaji mezi agrotechnicka protierozni opatieni (Hila et al., 2003) a jsou
ureny pro plodiny, které svym vzristem a zapojenim nedostate¢né kryji ptidu
(kukufice, brambory, cukrovd fepa, slunecnice apod.). Ceska legislativa déli
pudoochranné technologie na obecné a specifické. Ty je zemédé€lec povinen vyuzit

v ramci plnéni podminek standardu Dobry zemédélsky environmentalni stav 5 (dale
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DZES 5). DZES 5 predstavuje jeden z G¢innych néstrojii ochrany erozné ohrozené
pudy a vodnich zdroji (MZe, 2020). Pfed uznanim padoochranného zpisobu
hospodateni je dulezité, aby dostatecné chranil pidu ptfed degradaci a byl trvale
ekonomicky udrzitelny. To vyzaduje ovéfeni ptidoochrannych systémt komplexnim
zptisobem zaloZenym na dlouhodobé&jsim sledovani (Schwilch et al., 2011). Uéinnost
jednotlivych ptidoochrannych opatieni je rozdilna, do zna¢né miry zavisla na pidné-
klimatickych podminkach a samoziejmé i na intenzit¢ konkrétnich srazek v daném
roce (Vacha et al., 2019). Pti vyuzivani ptidoochrannych technologii se kromé ochrany
povrchu pudy predpoklada zvyseni stability pidnich agregatii a vytvoreni stabilniho
systému svislych makropdérti umoznujicich odvadét pti srazkach vodu do hlubsich
¢asti padniho profilu (Mrabet, 2002; Hobbs, 2007). Mezi G¢inna pudoochranna

opatieni patfi:

1. piimé seti do nezpracované pudy — je urCeno pro pozemky, kde byly
péstovany plodiny zanechavajici strniSté. Puadoochrannou ucinnost lze zvysit
rozdrcenim slamy pfi sklizni a jejim rovnomérnym rozptylenim po pozemku (Hilla et
al., 2003). Hlavnimi pfednostmi bezorebného seti jsou lepsi ochrana ptdy pted erozi,
zvysena schopnost piidy zadrzovat vodu, snizené naklady pohonnych hmot a uspora

Casu potiebna na piipravu plidy (Blanco a Lal, 2008).

2. seti s vyuzitim mélké podmitky — zdkladem je meélké zpracovani pudy
s ponechanim maximalniho mnozstvi rostlinnych zbytki na povrchu pudy (Hila et al.,
2003). Pro podmitku jsou vhodné kypfice s potlacenym misicim G€inkem (nedochézi
k promiseni rostlinnych zbytkdi a zeminy). Predpokladem tuspéSného vyuzivani
technologie je kvalifikovana regulace plevelli a vze§lého vydrolu z ptedplodiny

pomoci herbicidl (Kovarticek et al., 2016).

3. bezorebné seti s vyuzitim strniskové meziplodiny — pro zkraceni obdobi bez
vegetacniho pokryvu piady se vyuziva pracovni postup zalozeny na mélké podmitce
provedené bezprosttedn€ po sklizni hlavni plodiny a nésledném zaloZeni porostu
meziplodiny (Hutla et al., 2003). ZaloZeni porostu meziplodiny by se mélo uskutecnit
s minimalni &asovou prodlevou po provedené podmitce. Resenim miize byt soudasné

zaseti meziplodiny béhem podmitky (Vécha et al., 2019).

4. pasové zpracovani pudy (,,strip-till) — obecnym principem technologie je

pasove zpracovana ptida v misté budouciho seti s moznosti cilené aplikace zivin (Brant
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et al., 2016). Zpracovany a nakypieny pas pudy poskytuje optimélni podminky pro
vyvoj zaseté plodiny (Mensik et al., 2018). Technologie pasového zpracovani pidy je
vysoce ucinné pudoochranné opatieni vyuzitelné u celé fady zemédélskych plodin.
Nejvice se u nas uplatnuje pii pestovani kukutice seté (Srbek et al. 2015). Mezi dalsi
plodiny péstované timto zpisobem patii Cirok, fepka, cukrova fepa, slunecnice, mak

apod. (Brant et al., 2016).

5. Za dal$i vhodné pudoochranné technologie jsou povazovany: vrstevnicové
obd¢lavani pozemku; hloubkové podryvani porostu s cilem rozrusit utuZzenou vrstvu
pudy a umoznit lepsi vsak vody do pidy; obseti hlavni plodiny ochrannymi pasy

tvofenymi travnim porostem, picninami ¢i obilninami (Novotny et al., 2017).

Pti uplatiiovani ptidoochrannych technologii je nutné pocitat s tim, Ze nemusi ochranit
pudu pfed vznikem eroze za kazdé situace. Vyznamnym zpiisobem ale omezuji rozsah
degradac¢nich procest (Pimentel et al., 1995) a pomahaji snizovat vysoké finan¢ni
naklady spojené s naslednou obnovou ponicené piidy (Blanco a Lal, 2008). U pozemkii
obzvlast zasazenych erozi nebo ohrozenych sesuvy pidy je feSenim vysadba dievin

(Podrazsky et al., 2016).

Vyzkum v oblasti vodni eroze

Vyzkum eroze se zabyva mnoha faktory podilejicimi se na jejim vzniku a pribéhu.
Je potieba hodnotit informace o erozni ucinnosti desté a vétru, sklonitosti terénu, délce
svahu, pidni hydrologii, odtokovych pomérech, nachylnosti pid k erozi, ucincich
vegetacniho krytu, objemu splavenin a zplsobu obhospodafovani pozemku (Lal,
1994). Zacatky vyzkumu eroze pudy jsou datovany do roku 1912, kdy na tizemi
Spojenych stati americkych (pastviny stfedniho Utahu) probéhlo prvni oficidlni
méieni eroze (Toy et al., 2002). Problémy spojené s erozi vedly v roce 1933 ke vzniku
organizace s dneSnim nazvem Natural Resources Conservation Service (Kelly, 1985).
Jednim z hlavnich ukold organizace bylo ovéteni a pfeneseni vhodnych protieroznich
opatfeni do praxe (Toy et al., 2002). V Ceské republice pocatky intenzivngjsiho
vyzkumu eroze pudy zacinaji zejména ve druhé poloving 20. stoleti. V soucasné dobé&
je u nas vyzkum eroze nejvice zaméfen na vodni a vétrnou erozi vyskytujici se na

zemédelské pude (Janecek, 2008). Zaklad vyzkumu eroze tvoii nashromazdéna data
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z polnich a laboratornich pokusti (Toy et al., 2002). V experimentéalnich plochach je
sledovén vznik a pribéh eroze. Pokusné plochy jsou zpravidla vystaveny pfirozenym
srazkam (Nearing et al., 1999; Wischmeier a Smith, 1958) nebo jsou vyuzity pfistroje
umoziujici nasimulovat pfirozeny dést (Kinnell, 2009; Fiener et al., 2011). Polni
metody jsou také vyuzivany pro kontrolu funkénosti novych a stavajicich
protieroznich opatfeni (Janecek, 2008). Od konce Sedesatych let 20. stoleti az do
soucasnosti se zna¢na ¢ast vyzkumu eroze pidy soustfedi na matematické modelovani
eroznich procest. Jako vstupni data pii vytvareni eroznich modell jsou vyuzivany
zaznamenané hodnoty z terénnich podminek (Kirkby a Morgan, 1980). Ptiklady

zakladnich metod vyzkumu vodni eroze jsou pfedstaveny nize:

Pokusné parcely pro ovéreni protierozni ucinnosti prirozenych srazek — pfi
méfeni je nutné presn¢ vymezit pokusnou plochu, znat intenzitu desté a sledovat
pomoci vhodného zatizeni celkovou ztratu ptdy (Mutchler, 1963; Zachar, 1970).
Rozméry odtokové parcely se mohou lisit, ale doporucuje se velikost plochy okolo
100 m?. Siika parcely by tedy méla byt v rozmezi 2 az 4 m a délka 20 az 40 m. Plocha
musi byt fadn€ ohraniCena, aby nedochazelo ke zkresleni vyslednych daji. Na
zéklad¢ dlouhodobého méfeni na takto zalozenych plochach byla odvozena rovnice

Universal Soil Loss Equation (Janecek, 2008).

Ovérovani protierozni ucinnosti pomoci simulatoru de$té — metoda ptivodné
vznikla jako dopln€k urceny pro vySe zminéné pokusné parcely. Hlavnim divodem
byla moznost napodobit piirozeny dést v obdobich sucha a stejné tak moznost
opakovaného ovéteni pokusnych ploch (Meyer, 1968). Janecek (2008) uvadi, Ze
v dnes$ni dobé se simulator desté vyuziva predevSim pro testovani riznych zplisobil
hospodateni na zemédélské pid€. Mezi hlavni sledované veli€iny zpravidla patii
velikost povrchového odtoku, infiltrace vody do plidy, mnoZstvi erodovanych pidnich
¢astic nebo intenzita a energie dopadajicich kapek (Zachar, 1970). Ze smytych vzorkt
pudy je dale mozné provadét analyzy tykajici se Zivin, mikroorganismti apod.
(Mutchler a Hermsmeier, 1965). Ve druhé poloving 20. stoleti se vyzkum vodni eroze
za pomoci simuldtoru desté znacné rozsitil a zdokonalil (Toy et al., 2002). Simulatory
desté délime na polni a laboratorni. Podle vyustujiciho zafizeni pak na kapkovaci

a tryskové (Bubenzer, 1980).
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Metoda méieni objemu eroznich ryh a strzi (volumetrickd metoda) — méieni
probihd pomoci pfistroje zvaného erodomér. Pistroj umoziuje zaznamenat povrch
pudy ve vybraném profilu (Ranger a Frank, 1978). Zakladem je vodorovna lat
s posuvnymi svislymi jehlicemi, pomoci kterych se vypocitava kone¢ny objem, ztrata
¢i akumulace pudy (Zachar, 1970). Buzek (1983) shledava vyhodnost volumetrické
metody v technické nendro¢nosti a moznosti rychlé aplikace. Nevyhodou je za¢na
neptesnost, nebot’” do celkového méieni nejsou zahrnuty plochy mezi jednotlivymi

struzkami a ryhami (Kutilek, 2012; Janecek, 2008).

Geodicka metoda méreni vy§Skovych zmén povrchu pudy — n¢kdy je nazyvana jako
nivelacni metada a slouzi k méfeni zmén mikroreliéfu pidy zptisobenych vodni erozi
(Zachar, 1970). Pro zachyceni pfipadnych zmén terénu je nutné provést minimalné dvé
¢asove¢ oddélend méteni. Vyhodou metody je pomérné vysoka presnost. Naopak za
nevyhodu se povazuje nemoznost pouziti metody na aktivné obhospodarovanych
zemédélskych pozemcich a vysoka pofizovaci cena nivelaéniho pfistroje (Janecek,

2008).

Fotogrammetricka metoda ve vyzkumu eroze — zadklad spocivd v leteckém
snimkovani povrchu plidy. Snimky dokaZou do jisté miry nahradit terénni prizkum
a pfi opakovaném snimkovani udavaji uceleny piehled promén daného tzemi (Holy,
1978). Ukolem fotogrammetrie pii vyzkumu eroze pudy je vyhodnoceni snimki
ur¢itého uzemi z pohledu zmén a vyvoje eroznich procesti. Snimkovanim je mozné
méfit erozni formy, pozorovat aktivované drahy povrchového odtoku nebo ploSny
smyv (JaneCek, 2008). V soucasné dobé se hojné vyuzivaji pro fotogrammetrii drony
osazené riznymi druhy kamer (Carollo et al, 2015; Pérez a Garcia, 2017). Vyhodou je
moznost mapovat velkd uzemi a pievedeni ziskanych snimk do softwart GIS
(geograficky informacéni systém), kde je mozné se snimky a daty dale pracovat

(Janegek, 2008, Zizala et al., 2016).

Matematické modely — hlavnim cilem je snaha odhadnout mnozstvi transportu
pudnich ¢astic a Zivin (Nearing et al., 1989). Obecné¢ miizeme modely rozd¢lit na:
1) empirické — nezabyvaji se procesem eroze v jeho fyzikdlni podstaté, ale byly
odvozeny na zéklad¢ statistické analyzy provedené na velkém mnozstvi namétenych
dat. Piikladem je ve svété nejvice vyuzivana rovnice Universal Soil Loss Equation

(Wischmeier a Smith, 1978) a vSechny dalsi modely od této metody odvozené
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(RUSLE, WATEM/SEDEM, USPED, RUSLE2, apod.); 2) fyzikalné-matematické

(simula¢ni) modely — popisuji skutecnou fyzikalni podstatu procesu. Tyto modely

vV

fyzikélné zalozenych modelt jsou EROSION3D, WEPP, SMODERP, apod. (Krasa,
2004).
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Vlastni prace — soubor védeckych praci

Disertacni prace ma charakter souboru praci (viz piiloha 1 — 3). Vysledky jsou
prezentovany formou publikovanych ¢lankl ve védeckych recenzovanych Casopisech
(dva &lanky Jimp, jeden ¢lanek Js). Clanky jsou propojeny dopliujicim komentafem

v nasledujici kapitole.

STUDIE I (vlastni podil 60 %)

Kabelka D., Kincl D., Jane¢ek M., Vopravil J., Vrablik P., 2019: Reduction in soil
organic matter loss caused by water erosion in inter-rows of hop gardens. Soil & Water

Research 14(3): 172 — 182.

IF2018-121

STUDIE II (vlastni podil 30 %)

Prochazkové E., Kincl D., Kabelka D., Vopravil J., Nerusil J., Mensik L., Bartdk V.,
2020: The impact of the conservation tillage “maize into grass cover” on reducing the

soil loss due to erosion. Soil & Water Research, online 1 — 8.

IF2018- 121

STUDIE III (vlastni podil 60 %)

Kabelka D., Kincl D., Vopravil J., 2020: Influence of No-Till Technology on
Reducing Soil Degradation During Sorghum Cultivation. Scientia Agriculturae

Bohemica 51(1): 31 — 39.

SJIR2018-0,212
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Komentaft k publikacim

Struény popis védeckych studii

V ramci prvni studie: Reduction in soil organic matter loss caused by water erosion
in inter-rows of hop gardens byly testovany vybrané podplodiny zaseté v mezitadi
svazitych chmelnic. Souc¢asna produkce ve chmelnicich a ostatnich trvalych kulturéach,
prestoze je vysoce produkéni, zahrnuje postupy, které nejsou dlouhodobé udrzitelné.
Chmel je po celém svété nejcastéji péstovan v fadach o Sifce 2,7 az 4,2 m. Diky této
vzdalenosti neni pida v mezitadi pii tradicnim zpiisobu hospodateni nijak chranéna
pred vodni erozi. V ptipad¢ vyskytu ptivalovych desth dochazi k nadmérnému odnosu
pudy, organické hmoty a zivin. Pravé dostatek organické hmoty v pide je jednim
z klicovych faktori ovliviiyjicim rychlost degradace pidy. Jeji Ubytek patii mezi
organické hmoty u klasického zptisobu hospodateni a u varianty, kdy jsou v mezitadi
zasety vhodné podplodiny. Celkem byly ovéfovany Ctyfi technologie: ¢erny kypteny
uhor, konven¢ni technologie, technologie s vysevem svazenky vratiolisté

a technologie s vysevem luskovinoobilné smési.

vvvvv

svazitych chmelnicich na uzemi Ceské republiky. Ve studii bylo kvantifikovano
mnozstvi vyplavené organické hmoty u vSech ovéfovanych variant pomoci polniho
ucinku u technologii s podplodinami a jeho porovnani s konvenénim zplsobem
hospodareni. Na zdklad¢ vysledkit mizeme konstatovat, zZe zasetim podplodin do
mezifadi chmelnic je vyraznym zptisobem omezeno smyté mnoZzstvi organické hmoty.
Béhem vyskytu desté je smyv organické hmoty u technologii s podplodinami snizen
v porovnani s konven¢nim hospodatfenim o 60 % (zadeStovani na piirozené suchou
pudu). Pii vyskytu opakovaného desté (zadestovani jiz nasycené piidy) si technologie
s podplodinami udrzuji stale velmi silnou pidoochrannou ucinnost 54,5 %. Kromé
pudoochranného ucinku maji podplodiny ve chmelnicich dalsi pozitivni vlastnosti:
obohaceni ptdy o organickou hmotu ze vzniklé biomasy, podpofeni piidniho edafonu,

velké mnozstvi opylovact u kvetoucich podplodin apod.
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Problematika degradace ptidy zptsobena vodni erozi ve chmelnicich je velmi diilezita.
Cesky chmel ma ve svété vyznamné postaveni a je potieba, snazit se udrZet
chmelnicich stavajici renomé. Celkova rozloha chmelnic neni v porovnani s ostatnimi
zemé&délskymi plodinami velka (5 020 ha v roce 2018; Ustiedni kontrolni a zkusebni
ustav zeméedélsky), a proto se vyzkumny tym rozhodl, vénovat se typické erozné
nebezpeéné plodin€. Vybrana byla kukufice setd. Ta je u nds velmi CcCastou
zemédelskou plodinou, nicméné pii tradicnim zplisobu péstovani je jeji putdoochranny
ucinek nizky (v ramci DZES 5 je kukufice setd zafazena mezi plodiny s nizkou
ochrannou funkei). Hlavnim cilem naseho vyzkumu bylo ptedstavit odborné verejnosti
vysledky protierozni ucinnosti kukufice seté péstované pomoci pilidoochranné
technologie. V rdmci vyzkumu byl kladen diraz na inovaci a jedine¢nost ziskanych
vysledkt. Druha studie byla oznafena ndzvem: The impact of the conservation
tillage “maize into grass cover” on reducing the soil loss due to erosion. Ve studii
jsou predstaveny vysledky, které jako prvni na tizemi Ceské republiky kvantifikuji
pudoochrannou ucinnost pasové zpracovaného (strip-till) vyzilého travniho porostu

vyskytujiciho se na orné pude.

Pasové zpracovani pudy je jiz v Ceské republice znamé, ale ovéfovani protierozni
ucinnosti kukufice seté zaloZené v travnim porostu je u nas jedinecné. Tato technologie
nabizi zemédélcim vhodny zplsob, jak se vypofadat s vyzilym travnim porostem.
ZaloZeni porostu kukufice do pasove zpracované pidy omezi vodni erozi na minimum.
Ovétovani protierozni G€innosti probihalo stejné jako v pfedchozim piipadé pomoci
polniho simulatoru desté. Vysledna ztrata plidy z technologie pasového zpracovani
pudy byla srovnana s konven¢ni technologii. Hodnoty ziskané z méteni prokazaly
velmi silnou protierozni u€innost, kdy doSlo ke sniZeni smyvu pidy o 98 %. I pii
méfenich v terénu bylo patrné, ze z této technologie odtéka témér ,,Cista™ voda,
zatimco u konvencniho zpracovéani bylo v povrchovém odtoku znacné mnozstvi
erodované¢ pudy. Podobné pozitivni vysledky byly zaznamenany u velikosti
povrchového odtoku. Ten byl snizen v porovnani s konvencni variantou o 79 %.
Nevyhodou technologie péasového zpracovani travniho porostu je nemoznost
opakované aplikace béhem nékolik let na stejném pozemku. Vzdy je nejprve potieba

najit pozemek s travnim porostem uréenym pro nasledné zruseni.

Vzhledem ke klimatickym zménam byl vyzkum dale sméfovan na ovéteni alternativni

zemédelské plodiny vici kukufici seté, ktera bude 1épe odolavat obdobim sucha. Jako
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dalsi plodinu jsme proto zvolili ¢irok. Tteti studie ma nézev: Influence of No-Till
Technology on Reducing Soil Degradation During Sorghum Cultivation
anaznaCuje mozny smeér Ceského zemédé€lstvi v piipadé pokraCovani stavajiciho
trendu spoéivajicim v ast&j§im vyskytu obdobi sucha béhem vegetaéni sezony. Cirok
ma v porovnani s kukufici nékolik vyhod. Pii nedostatku vody dokaze zastavit rust,
ptreckat obdobi sucha a poté zacit znovu rist. Navic samotna rostlina ¢iroku potiebuje
k plnému vzristu méné vody a jeho kotfeny sahaji do vyrazné¢ vétsi hloubky nez koteny

kukufice.

Stejné jako u predchozich dvou studii bylo hlavni myslenkou ovéteni pidoochranného
zpusobu hospodatfeni pomoci polniho simuldtoru desté¢ s cilem kvantifikovat
protierozni ucinnost. Ve tfeti studii jsme za pludoochrannou technologii zvolili
bezorebné seti (no-till) ¢iroku do porostu predplodiny. Ovétovano bylo konvencni
zpracovani s klasickou rozte¢i tadkt 0,75 m spolecné s variantou uzkého tadku
0,375 m. Siroky a uzky fadek byl zaloZen i u ptidoochranného bezorebného seti &iroku.
Z vysledkii namétenych polnim simuldtorem desté je patrna silné protierozni ucinnost
bezorebného seti. U prvniho zade$téni na pfirozené suchou ptidu byl odnos pudy nizsi
0 78 % (Sitka fadku 0,75 m) v porovnani s konvenénim zpracovanim. Jeste niz$i odnos
pudy (o 89 %) jsme naméfili u bezorebného seti sS§iii tadkd 0,375 m.
Obé plidoochranné technologie vykazaly silnou redukci povrchového odtoku, kdy
doslo ke sniZeni o vice neZ polovinu ve srovnani s konven¢ni technologii. Zeméd¢lska
vefejnost si mize diky této studii zjistit informace o protierozni u¢innosti ¢iroku

péstovaného bezorebnym zpiisobem.

Ve studiich se podarilo splnit vytyCené cile diserta¢ni prace spojené
s pidoochrannymi technologiemi vybranych zemédélskych plodin. U vsech tiech
uvedenych studii se nam potvrdila vyraznd pidoochranna Gc¢innost a podatilo se ji
kvantifikovat (smyv organické hmoty, odnos pldy, povrchovy odtok). Méfeni za
pomoci polniho simulatoru desté (o plose 21 m?) byla provadéna vzdy opakované
v letech a maji vysoce prikaznou hodnotu. Celkové byly studie vytvoreny ze 156

simulaci desté (studie [ — 48 simulaci, studie II — 48 simulaci, studie III — 60 simulaci).
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Odborné studie soucasti komplexniho vyzkumu

Projekt NAZV QJ1610418 ,,Komplexni ptidoochranné technologie pro péstovani

chmele otacdivého*

Studie I: Reduction in soil organic matter loss caused by water erosion in inter-rows

of hop gardens

Ing. David Kabelka — ¢len feSitelského tymu

Najit vhodnou protierozni technologii pro ochranu chmelnic je velmi problematické.
Pokud se odpoutame od skutecnosti, ze nové chmelnice by nemély byt zakladany na
erozn¢ ohrozenych plochach, je potieba najit vhodnou ochranu pro chmelnice
stavajici. V Ceské republice jsou tfi zdkladni chmelai'ské oblasti. Jde o oblast Zatecka,
Ustécka a Trsicka. V Zatecké chmelai'ské oblasti je podstatna ¢ast chmelnic na ptidach
hnédych. Vyskytuji se zde i ¢ernozemé a fluvizemé. Ustécka oblast je typicka
¢tvrtohornimi sedimenty s pievazn€ nivnimi a luznimi pidami. V zapadni ¢asti se
vyskytuji cernozemé. TrSickd chmelafska oblast zahrnuje ve vétSiné piipadi
gernozemé, nivni piidy, hnédozemé a ptdy luzni (Stranc 1984). Nejvice ohrozené jsou

svazité pozemky nachazejici se zejména v Zatecké chmelarské oblasti.

Soucasna produkce ve chmelnicich je zaloZena na postupech, které se pfili§ nezabyvaji
ochranou ptidy. Na erozné€ ohrozenych chmelnicich dochazi k odnosu plidy pii kazdém
veétsim desti. Tento stav je samoziejmé dlouhodobé neudrzitelny. Z tohoto divodu
vznikl projekt soznacenim NAZV QJ1610418 ,Komplexni pidoochranné
technologie pro péstovani chmele otacivého* s hlavnimi cili: 1) ovéfit simuldtorem
deste ptidoochranny zptisob hospodateni ve chmelnicich zaloZeny na zaseti podplodin
v mezifadi; 2) vytvofit certifikovany metodicky navod. Pro ovéfovani protierozni
Gginnosti byly zvoleny svazité pozemky v okoli obce Solopysky v Zatecké oblasti.
Vybrana chmelnice se vyznacovala rovnomérnym sklonem svahu ptesahujicim 17 %.
V ramci vyzkumu byly na pokusnych plochach sledovany: smyv pidy, mnozstvi
povrchového odtoku, mnozstvi smyté organické hmoty (viz studie I) a vycislen
C-faktor. Vyzkum se dale vénoval vlivu podplodin na vynosy chmele a v neposledni

fad¢ byla sledovana ekonomicka narocnost ovérovanych technologii.
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Smyv pidy

Celkem bylo v prabéhu projektu uskute¢néno 126 simulaci pomoci polniho simulatoru
desté, z toho 63 simulaci na pfirozené suchou piidu a 63 simulaci na jiz nasycenou
pudu z predchoziho zadesténi. Z naméfenych vysledkd je patrnd velmi silnd
faktorem ovliviuyjicim ztratu pidy vodni erozi je samotna pfitomnost rostlin
v mezifadi bez ohledu na druh podplodiny. Kazda z ovéfovanych variant ma své
vyhody a nevyhody a zvoleni pfislusného druhu je dano pozadavky ptipadného
uzivatele. Pii simulacich se jako nejvice problematické misto ukazaly stopy vyjeté od
agrotechniky. Ty jsou vzhledem k ¢astym pojezdiim nevyhnutelnou soucasti chmelnic.
Vyslednd ztrata piida je pfesto pii porovnani s konvencni variantou velmi nizka. Pfi
vyskytu erozné nebezpecného deste je odnos piidy snizen vlivem podplodin az na 20 %
(simulace dest¢ na prirozen¢ suchou piidu). V pfipadé opakovaného desté
si podplodiny udrzuji velmi vysokou protierozni G€innost (ztrata plidy sniZena cca na

30 %).

Povrchovy odtok

Podplodiny v mezifadi chmelnic nebrani pouze proti odnosu piidy, ale maji znacny
vliv na velikost povrchového odtoku a zasakovani vody do piidy. Povrchovy odtok
zacinal zpravidla v problematickém mist€ kolejovych stop. NejvétSim rozdilem
u technologii s podplodinami ve srovnani s konvenc¢nim hospodatenim bylo mnoZzstvi
erodované ptidy v povrchovém odtoku. Samotné snizeni povrchového odtoku neni tak
vyrazné jako u smyvu pudy. Celkové byl u porostu s podplodinami povrchovy odtok
snizen pfiblizn€ o 35 % v pfipad¢ simulace na pfirozené suchou ptdu. Pii druhé

simulaci byl povrchovy odtok ve srovnéni s konven¢ni technologii niz8i o 20 %.

MnozZstvi smyté organické hmoty

Ztrata organické hmoty vlivem vodni eroze do znacné miry souvisi s celkovym
odnosem pudy. Pokud jsou v mezifadi chmelnic pfitomny podplodiny, je v disledku
niz$i vodni eroze rovnéz nizsi smyv organické hmoty. Mnozstvi organické hmoty ve

splaveném sedimentu vSak zcela nekopiruje mnozstvi ztraty ptdy. Organicka hmota
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stanovena ve splaveném sedimentu ma u technologii s podplodinami vyssi procento
zastoupeni. Hlavni pfi¢inou je uvoliiovani poskozenych ¢asti rostlin a kotinki vlivem
dopadajicich kapek a povrchového odtoku. Tyto uvolnéné ¢asti nasledné navysuji
procento smyté organické hmoty v sedimentu. Piesto bylo celkové mnozstvi smyté
organické hmoty u technologii s podplodinami v mezitadi nizsi pfiblizn€ o vice nez

polovinu (viz studie I) v porovnéani s konvenénim zptisobem hospodateni.

C-faktor

C-faktor vyjadiuje ochranny ucinek vegetace pred ztratou pudy ve vztahu k pozemku
bez vegetaéniho krytu (Cerny kyptfeny uhor). Stanoveni C-faktoru vychazelo
z jednotlivych méfeni polnim simulatorem desté a timto zplsobem byly odvozeny
hodnoty C-faktoru u vSech uskutecnénych méteni. Z méteni polnim simulatorem desté
vysel C-faktor u technologii s podplodinami 0,14. Takto nizkd hodnota je spojena
s vysokou protierozni ucinnosti. U konvenéniho zptsobu hospodaieni byla hodnota

C-faktoru 0,81. To naopak poukazuje na velmi nizkou odolnost vii¢i vodni erozi.

Podplodiny a jejich vliv na vynosy chmele

Ve vSech letech feSeni projektu byla u porostii chmele patrna zna¢né nevyrovnanost.
v zavérecném roce v disledku dlouhotrvajiciho sucha a vysokych teplot. Hlavnim
cilem vSak bylo hodnotit, zda se budou vynosy chmele liSit u jednotlivych variant,
zejména mezi konvencni technologii a variantami s podplodinami. Béhem ttileté¢ho
vyzkumu se nepotvrdil negativni vliv podplodin na vynosy chmele. Naopak pfii
dlouhodobém vyuzivani podplodin je mozné ocekévat jejich pozitivni vliv na vynosy
chmele z diivodu pfisunu organické hmoty do piidy ze vzniklé biomasy. Ttileté feseni
projektu je v tomto ptipad¢ prili§ kratkd doba, aby bylo mozné sledovat obohaceni

pudy o organickou hmotu a jeji nasledny vliv na tirodnost.
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Ekonomicka naroénost

Navrhy ovétovanych technologii s podplodinami byly vybrany takovym zpiisobem,
aby se celkové naklady co nejvice blizily tradicnimu zplsobu obhospodaiovani
chmelnic a pfitom nedochdzelo k poklesu produkce a kvality chmele. Celkova
ekonomika technologii s podplodinami je srovnatelnd skonvencnim zplsobem
hospodareni. Vysledné naklady variant s podplodinami jsou pfi srovnani s konven¢ni
variantou navysSeny piiblizn€¢ o cenu osiva podplodin. Cena osiva pifedstavuje pro
zemédélce momentalni zvySené ndklady, nicméné vynalozené finance na pofizeni

osiva jsou ¢astecné kompenzovany piinosy podplodin v mezitradi.

29



Projekt NAZV QJ1510179: ,,Komplexni pidoochranné technologie zakladani

Zea mays L. v ramci reintenzifikace rostlinné vyroby*

Studie II: The impact of the conservation tillage “maize into grass cover” on reducing

the soil loss due to erosion

Ing. David Kabelka — ¢len feSitelského tymu

Kukufice setd se u nas v soucasné dob¢ vyuziva predevsim jako zdroj krmiva pro
hospodaiska zvifata, surovina pro vyrobu biopaliv (bioetanol) a substrat pro vyrobu
bioplynu (metanu) v zemédélskych bioplynovych stanicich. Jde o plodinu
s obrovskym vynosovym potencidlem, nebot jako rostlina mé schopnost vytvofit
velké mnozstvi nadzemni biomasy. Bohuzel na mnoha mistech Ceské republiky je
kukufice péstovana na nevhodnych pozemcich a dochézi tak k vyrazné degradaci
vodni eroze. Hospodateni za pomoci ptidoochrannych technologii je proto u péstovani
kukufice velmi vhodné a v pifipad€ vyuZiti erozn€ ohrozenych pozemkl i nutné.
Vyzkumny projekt NAZV QJ1510179 ,Komplexni ptudoochranné technologie
zakladani Zea mays L. v ramci reintenzifikace rostlinné vyroby* byl zaméfen na
ovéfeni zatim v Ceské republice relativné malo rozsifenych protieroznich opatieni
agrotechnického charakteru ur¢enych pro kukukfici setou. Vysledkem projektu mély
byt komplexni pidoochranné technologie vyuzitelné pro zemédélské podniky
nachazejici se ve fazi reintenzifikace rostlinné vyroby. Nedilnou soucasti ovéfeni byla
optimalizace  postupd, jejichz realizaci zemé&délské  subjekty  pfisp&ji
k: 1) vyznamnému sniZeni ztrat ptidy erozi; 2) omezeni mnoZstvi povrchového odtoku;
3) zvyseni podilu organické hmoty v pud¢; 4) zlepSeni pidni struktury bez vyraznych
negativnich dopadii na vysi nakladl péstovani (Grovenn vynosu, kvalita produkce).
Ovéfovani pudoochrannych technologii probihalo na dvou lokalitach: oblast
Stfedoceské pahorkatiny a oblast Boskovické brazdy na Malé Hané. Pro ovéfeni bylo
vybrano nékolik technologii: konvenéni zpracovni — varianta Siroky a uzky tadek,
strip-till do ozimého Zita — varianta Siroky a uzky fadek, strip-till do travniho porostu
— varianta podzimni i jarni (viz studie II), seti do strni§t¢ ozimého zita — varianta

Siroky a uzky radek, seti do podsevu luskovinoobilné smési.
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a poznatky o pidoochrannych technologiich uréenych pro zakladani kukutice seté do
jednoletych a viceletych picnin na orné ptid€. Pii rozhodovani zavedeni ptidoochranné
technologie do praxe je krom¢ efektu ochrany pudy kladen silny diiraz na aroven
dosazené produkce a na ekonomickou stranku dané piidoochranné technologie. Proto

byla v rdmci projektu hodnocena vSechna tato hlediska.

Smyv pidy

Jednoznaéné nejlepsi ptidoochranné vysledky byly zjistény u obou termind (podzimni
ajarni) zpracovani pidy pomoci technologie strip-till do travniho porostu na orné pidé
(viz studie II). Zakladem pii vybéru terminu pasového zpracovani pidy by mély byt
vhodné vlhkostni a teplotni podminky. Pouze v takovém piipad¢ bude mit
zpracovavany pasek optimalni tvar hriitbku s vhodnou strukturou ptidy ostfe oddélenou
od nezpracované plochy mezifadi. Velice dobré¢ vysledky byly zaznamenany rovnéz
u technologie strip-till provedené do porostu ozimého Zita. U této technologie je
vyznamnym faktorem ovlivilujicim miru vodni eroze kvalita porostu ozimého Zita
a délka doby kryti povrchu rozkladajicimi se zbytky rostlin Zita po jeho desikaci. Silné
pudoochranné Gc¢inky byly namétfeny znovu u obou terminli zpracovani (jarni nebo
podzimni zpracovani pudy). Podobné jako technologie strip-till i technologie pfimého
seti do strniSté Zita ozimého prokazala silné protierozni ucinky. Ovéfovéana byla
varianta Sirokého a uzkého fadku. V obou piipadech dosSlo k vyraznému omezeni
smyvu pudy.

Z vyzkumu je mozné piimé seti do strnisté zita ozimého a pasové zpracovani pidy
(strip-till) oznacit za velmi G¢inné pii omezovani ztrat pady a mnozstvi povrchového
odtoku. Vybér konkrétni varianty, pomoci které bude zalozen porost kukufice, je uz
na zvéazeni kazdého uzivatele. V ramci projektu byly vSechny ovétované technologie
testovany na lokalitdich s velice rozdilnymi pidné-klimatickymi a provoznimi
podminkami. I pfes znacnou odliSnost péstebnich oblasti byly dosazené vysledky
protierozni ochrany vzdy velice pfiznivé a nenastaly vyraznéjsi komplikace branici

zalozeni porostu kukufice.
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Povrchovy odtok

Nase zemédélstvi je v dnesni dobé opakované postihovano suchem a vysledky
podavajici informace o velikosti povrchového odtoku u ovétovanych technologii jsou
dalezité. Diky obdobim sucha vznikaji problémy s nedostateénym mnozstvim vody
v krajiné. Jak ukazuji vysledky ziskané polnim simuldtorem dest¢, vyuzivani
protieroznich agrotechnickych opatieni mize mit vyznamny vliv na snizovani
nadmérného povrchového odtoku. Tato skuteCnost je uzce spojena s omezenim

eroznich ztrat pudy, potencionalnim vynosem a ekonomikou hospodateni.

Nejhorsi vysledky povrchového odtoku byly zjistény u konvenénich variant. Pfestoze
byla provadéna v podzimnim obdobi hluboka orba cca 25 — 30 cm a nésledné jarni
zpracovani pidy kompaktorem, dosahované hodnoty z prvniho terminu simulace desté
jsou nepomérné vysoké vzhledem k ostatnim pldoochrannym technologii.
U technologie ptimého seti do strnisté ozimého Zita se celkové omezeni povrchového
odtoku pohybovalo mezi 30 — 50 % ve srovnani s konven¢ni technologii. Jako
neucinngjsi se podobné jako u ztraty pidy znovu ukazaly technologie strip-till, zv1asté
pak strip-till do travniho porostu na orné pid¢. Pokud je provedeno pasové zpracovani
(strip-till) v travnim porostu, snizeni povrchového odtoku je opravdu zéasadni

v

(viz studie II). Tato technologie je proto doporucena i na vyrazné sklonitéjs$i pozemky.

C-faktor

Dosazené hodnoty C-faktoru byly stanoveny stejny zptisobem jako u ptedchoziho
projektu zaméfeného na podplodiny ve chmelnicich, tedy pomérem ovéfované
technologie k ¢ernému kyptenému uhoru. Timto zptisobem byly odvozeny hodnoty
C-faktoru ze vSech simulaci dest¢ provedenych v dobé feSeni projektu. VétSina
z ovétovanych technologii dosahovala vyznamné nizSich hodnot ochranného vlivu
vegetace nez konvencni technologie, kde byla velikost C-faktoru stanovena 0,35.
U technologie strip-till v travnim porostu ma C-faktor velmi kladnou hodnotu

0,01 (jarni varianta), respektive 0,02 (podzimni varianta).
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Hodnoceni vynosi

Vybrané zavéry z hodnoceni vynost kukufice set¢ u ovétovanych technologii jsou
nasledujici: 1) potencialni vynosy suché hmoty kukufice na vyrobu sildze zalozené do
pasove zpracovaného porostu zita setého v oblasti Malé Hané byly v primeéru ptiblizné
0 10 % niz8i ve srovnani s konvencéni technologii; 2) z vysledkd nelze jednoznaéné
urcit, ktery termin (podzimni ¢i jarni) je pro technologii strip-till z hlediska jistoty
odpovidajicich vynosii vhodnéjsi; 3) kriticky nedostatek srdzek v pribéhu letnich
mésict muze u technologie ptimého seti do strnisté zita zredukovat vynosy az o 50 %
oproti konvenéni technologii; 4) pti zaklddani kukufice do porostu Zita dosdhly vynosy
v oblasti Stfedoceské pahorkatiny 104 % v porovnani s konvencni technologii;
5) neptiznivé klimatické podminky v podobé sucha doprovazené vysokymi teplotami
snizuji mezi hodnocenymi technologiemi rozdily ve vynosech; 6) u porostu kukuiice
pestované v uzkoradkové technologii byla zaznamenana tendence k vyS$im rostlinam;
7) pti zakladani porosti kukufice do pasové zpracovaného travniho porostu na orné
pude v oblasti Malé Hané a v oblasti Stfedoceské pahorkatiny dosahuje v priméru

produkce suché hmoty kukutice ptiblizné 80 % konvecniho zplisobu péstovani.

Ekonomicka naroénost

Zakladnim ekonomickym ukazatelem efektivnosti produkce je vynosnost. Navrhy
jednotlivych agrotechnickych opatfeni v projektu byly vybirany tak, aby dopady do
celkovych nakladi byly relativné srovnatelné s tradicnim zptisobem hospodateni
a pfitom nedochazelo k poklesu produkce a kvality silaZzni kukufice. Ekonomické
hodnoceni technologii urenych pro zakladani kukufice seté bylo zaloZeno na
ekonomickém priizkumu probihajicim v poloprovoznich a provoznich podminkach
zemédé€lskych podnikit Hanacka zemédélska spolecnost Jevicko, a. s., ZD Krasna
Hora nad Vltavou, a. s. v obdobi 2016 — 2018. Néklady jsou vztaZzeny pro primérné
pudni podminky a na primérné ro¢ni vyuziti agrotechnickych souprav. Pii pocitani
nakladi u pracovnich operaci tykajicich se zpracovani pudy je potieba zohlednit
mozné ovlivnéni momentalnim stavem pudy (vlhkost a stupenl utuzeni), zrnitostnim
sloZeni piid apod. Celkové jsou naklady pii vyuziti ptidoochrannych technologii mirné
vy$$i oproti konvenéni technologii. Vyssi néklady jsou nicméné kompenzovany

pfidanou hodnotou ochrany ptdy (trvale udrzitelnym hospodaienim na puad¢).
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Vyvoj stroje pro pasové zpracovani pudy

V ramci projektu méla svoji pevné stanovanou roli spole¢nost P & L, spol. s. r. o.,
jejimz tkolem byl vyvoj a ndsledné testovani stroje pro pasové zpracovani pudy (strip-
till). Spole¢nost méla na starost pravidelné zaklddani jednotlivych technologii na
pokusnych lokalitdch uréenych pro ovéfeni vynosu a protierozni ucinnosti. Hlavni
konstrukéni vyvoj stroje byl dokoncen podle planu v priabéhu roku 2017. Pivodnim
cilem v projektu bylo vyvinout ¢tyitadkovou verzi prototypu. Vzhledem k dobrym
vysledkiim byl tento plan dale rozsiten. Podafilo se tak pfipravit i verzi osmifadkovou,

ktera byla v zavére¢nych dvou letech projektu testovana.

Vysledny stroj pro pasové zpracovani pidy s nazvem Eco tiller 600 je prvnim svého
druhu mezi vyrobci ze stfedni a vychodni Evropy. Pracovni jednotky byly konstrukéné
navrzeny pro optimalni pasové zpracovani pidy v podminkach Ceské republiky
a vykazuji znaky vlastniho feSeni u vétSiny pracovnich jednotek. Mezi hlavni pfinosy
stroje patii predev§im: 1) niz8i energetickd narocnost na jednotku zabéru stroje pfi
srovnani s orbou; 2) ekologické prinosy: snizené riziko ztraty ptidy vodni erozi, nizsi
emise CO», lepsi hospodareni s piidni vlahou, zvySena infiltraéni schopnost pudy.
Prace teSitelského tymu na vyvoji a ovéteni stroje byla v roce 2018 prezentovana na
mezinarodnim veletrhu zemédélské techniky Techagro v Brné, kde Eco tiller 600
v konkurenci ostatnich vystavovatelt ziskal hlavni cenu Grand Prix Techagro 2018

a cenu Soil and water retention friendly.
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Ministerstvo zemé&délstvi Ceské republiky — funkéni iikol 2014 a 2017 (Ovéfovani
pudoochrannych technologii s moznosti zatazeni technologie do seznamu
pudoochrannych technologii vyuzitelnych v ramci plnéni podminek standardu DZES

5 auptesnovani hodnot faktoru ochranného vlivu vegetace)

Studie III: Influence of No-Till Technology on Reducing Soil Degradation During

Sorghum Cultivation

Ing. David Kabelka — ¢len feSitelského tymu

Vycet pidoochrannych opatieni zahrnutych do dnesnich DZES 5 je do zna¢né miry
omezeny a v dob& pocatku plnéni funkéniho ukolu od Ministerstva zemédélstvi Ceské
republiky, nebyly vSechny plidoochranné technologie optimalizovany do naSich
podminek. Proto bylo nutné zajistit ovéteni vybranych piidoochrannych technologii,
které by byly, v ptipad¢ potvrzeni jejich silné protierozni ucinnosti, zatfazeny do
seznamu specifickych piidoochrannych technologii vyuzitelnych na mirn€ erozné
ohrozenych plochach. Sir§i spektrum ptdoochrannych technologii umoziuje
kone¢nym uZzivateliim vybrat si pro né€ nejvice pfijatelnou technologii. Pidoochranna
technologie ve standardu DZES 5 musi byt jednoduse aplikovatelnd, zarucovat trvalou
udrzitelnost hospodareni na zemédé€lské piidé a byt funkeni jak z protierozniho, tak
ekonomického hlediska. V ramci vyzkumu bylo ovéfovano nékolik technologickych
zpusobu hospodareni u tfech zemédelskych plodin: kukufice setd, ¢irok (viz studie
III) a brambory. Zaklad ovétovani plidoochranné uc€innosti jednotlivych technologii
spocival v zadeStovani plodin pomoci polniho simuldtoru desté. Vybrané technologie
byly ovétovany vzdy tfikrat v roce z diivodu zachyceni riznych ristovych fazi danych

zemédelskych plodin dle metodiky Janecek et al. (2012).

Technologie pro péstovani kukurice

U porostu kukufice byly sledovany celkem dvé potencionalni piidoochranné
technologie (vertikalni zpracovani pidy; pleckovani u kukufice). Vliv technologie
vertikdlniho zpracovani pldy na omezeni ztrdty pidy vodni erozi a mnozstvi
povrchového odtoku byl porovnavan se dvéma dalS§imi variantami: konvencni

zpracovani pudy (Sitka fadki 0,75 m) a Cerny kypteny uhor. Z vysledkii nebylo mozné
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jasné stanovit pozitivni vliv vertikalniho zpracovani na snizeni ztraty ptdy. Podobné
vysledky byly dosazeny i u sledovani povrchového odtoku a infiltrace vody do ptdy.
Druhou ovétrovanou technologii bylo pleckovani u kukufice. Stejné€ jako v predchozim
piipadé byla tato technologie srovnavana s konvencnim zptisobem hospodareni (Sitka
fadku 0,75 m) a s Cernym kypfenym uhorem. Vysledky ziskané z polniho simulatoru
desté neprokazaly protierozni efekt pleCkovani. Ve srovnani s konvencni variantou
byly zaznamenany nepiesvédcivé vysledky (s vyjimkou zadeSténi nasycené pudy
v prvnim terminu simulace). Urcity pozitivni vliv byl patrny na sniZeni mnoZzstvi
povrchové odtékajici vody. Potencidlni nové navrzené pudoochranné technologie
nebyly Vyzkumnym tUstavem melioraci a ochrany pudy, v. v. i. doporuceny pro

zafazeni do seznamu dneS$nich DZES 5.

Technologie ,,péstovani ¢iroku“

Ovétovany byly varianty konvenéniho zptsobu péstovani ¢iroku v fadcich 0,75 m
20,375 m a varianty bezorebného seti Ciroku do ochranné plodiny v fadcich
0,75ma 0,375 m. Kontrolni variantu pfedstavoval cerny kypteny thor. Béhem
ovéfovani bylo zjiSténo, Ze bezorebné seti ¢iroku mé ve srovnani s konven¢nim
zpusobem péstovani vyrazné lepSi protierozni efekt. Nejlépe vychdzela bezorebna
varianta Uzkého fadku péstovani Ciroku, ale 1 varianta s klasickou vzdalenosti radki
dosahla velmi pozitivnich vysledkil (viz studie III). RovnéZz byl sniZzen povrchovy

odtok u obou bezorebnych technologii o vice nez polovinu.

Technologie pro péstovani brambor

Potencionalni ptidoochranné technologie urené pro péstovani brambor byly cileny na
upravy tvaru hribku. Ztrata piidy a mnozstvi povrchového odtoku byly sledovany
u péti technologii: miskovity zlabek s dilkovanim a hrazkovanim nekolejové brazdy,
prerusovany zlabek s dulkovanim a hrazkovanim nekolejové brazdy, kypieni
upravené¢ho hribku (miskovity zldbek) s dilkovanim a hrdzkovanim nekolejové
brazdy, konvenéni technologie po odkamenéni a ¢erny kypieny tthor. Béhem simulaci
desté se u technologii s rizné tvarovanymi hribky neprojevil vyznamny vliv na

omezeni ztraty pudy a povrchového odtoku. Pfi nékterych simulacich desté bylo
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dosazeno leps$ich vysledkil, nicméné v priiméru se jednd o srovnatelné hodnoty jako
u konvencni technologie po odkamenéni. Nejvice piiznivé vysledky byly dosazeny

u technologie pierusovany zlabek s diilkovanim a hrazkovanim nekolejové brazdy.

Ovéreni jednorazového zapraveni organické hmoty do pidy

Funkéni ukol od Ministerstva zemédelstvi pozadoval ovéfeni protierozni G€innosti
jednorazového zapraveni organické hmoty do pudy pfi péstovani brambor. Zalozena
byla varianta konven¢niho zpracovani piidy se zapravenou organickou hmotou
a varianta bez pfidané organické hmoty. Kontrolni variantou byl ¢erny kypteny thor.
Vysledky ziskané ze simulatoru desté byly u technologie s organickou hmotou
pozitivni a bylo mozné konstatovat, ze zapraveni organické hmoty do ptidy ma pii
pestovani brambor pozitivni vliv na sniZeni ztraty pudy ve srovnani s variantou bez
organického hnojeni. Diky tomu byla tato technologie doporucena jako vhodné
pudoochranné opatfeni a v soucasné¢ dobé (rok 2020) je v seznamu pidoochrannych

technologii DZES 5.

Stanoveni hodnoty ochranného vlivu vegetace (C-faktor)

Pii ovéfovani vyse uvedenych zemédélskych plodin byly vzdy dané technologie
vztazeny k ¢ernému kypfenému thoru. Hlavnim divodem bylo ziskani dat, ktera
umozni vycisleni C-faktoru. Pro stanoveni hodnot faktoru ochranného vlivu vegetace
byly pouZzity naméfené hodnoty z prvniho zadeStovani na pfirozené suchou pidu
1z nasledného opakovaného méteni na jiz nasycené pud€. Napiiklad pro konvencni
zpusob péstovani Ciroku vySel vysledny C-faktor 0,364, zatimco u bezorebného
zpusobu péstovani s klasickou $itkou fadku (0,75 m) byla vysSe C-fatoru pouze 0,16.
Pti ovéfeni jednorazového zapraveni organické hmoty do pldy pii péstovani brambor

doslo ke snizeni hodnoty C-faktoru z 0,75 na 0,59.

* Podrobné informace a veskeré ziskané vysledky z projekii uvedenych v této kapitole jsou obsazeny
v zavérecnych a pribéznych zpravach, které jsou volné pristupné verejnosti napiiklad na Vyzkumném

ustavu melioraci a ochrany pudy, v. v. i. (https://knihovna.vumop.cz/).

37


https://knihovna.vumop.cz/

Vyuziti vysledka studii v oblasti ochrany pady

Vysledky ziskané pomoci polniho simulatoru desté na Vyzkumném ustavu melioraci
a ochrany pady v. v. i. slouzi obecné jako podklady pii rozhodovani statni spravy
v oblastech tykajicich se ochrany pudy, vody a krajiny. Snahou vyzkumného tymu
bylo ve shod¢ se strategii zemédélského vyzkumu vytvorit takové druhy vysledkd,
které poskytnou informace a nové poznatky o protierozni t¢innosti pidoochrannych
zpusobu hospodateni obsazenych ve studiich. Zaroven jsou vysledky studii nedilnou
soucasti komplexniho vyzkumu, kde byly sledovany dal$i dilezit¢ ukazatele:
vynosové charakteristiky, ekonomickd néarocnost ovefovanych technologii apod.
Takto komplexni ovéfeni poskytuje uceleny pirehled informaci o dané technologii
a dava predpoklad k ¢astéjSimu vyuziti pidoochranného zptisobu hospodareni v bézné
praxi. Vysledky studii byly a nadale jsou pfedstavovany v ramci pfednaSek a seminaia
(konference, workshopy a ostatni typy pifednasek). Nejcastéjsi témata prozatim byla:
omezeni vodni eroze a zpisob jejiho ovéfovani, vyznam meziplodin a organické

hmoty v ptd€, podplodiny v trvalych kulturach.

Naméiené vysledky uvedené v odbornych studiich (studie I, studie II, studie III)
disertacni prace poslouzily pro vznik nékolika aplikovanych vysledkd. Tyto
publika¢ni vysledky jsou urceny pro Sir§i zemédélskou vetejnost. Vytvoreny byly
certifikované metodiky, ovéfené technologie a dalsi podobné informativni vysledky.
uvedené ve studiich, obsahuje tabulka 1. Ptikladem takového vyuziti mize byt studie
IT s nazvem The impact of the conservation tillage “maize into grass cover” on
reducing the soil loss due to erosion. Hodnoty ptidoochranné uc¢innosti pasového
zpracovani piidy byly ziskany pfi feSeni projektu, jehoz jednim z cilii bylo vytvoireni
zemédélského stroje. K nové vyvinutému stroji  byla vytvofena technicka
dokumentace a oveéfena technologie. Vysledky uvedené ve studii slouzi jako podpiirny

prvek poskytujici informace o protierozni ti€¢innosti.
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Tabulka 1: Aplikované vystupy dosazené za pomoci vysledkt uvedenych v disertaéni praci

Druh vysledku Nazev (citace)
7 Kincl D., Sedek A., Nerusil P., Srbek J., Mensik L., Herout M., Jurka M. (2018):
ml.] ECO TILLER stroj pro pasové zpracovani pudy od spoleénosti P&L.
(Studie Vyzkumny ustav melioraci a ochrany pidy, v. v. i., Praha, s. 27.
N Kincl D., Kabelka D., Srbek J., Cép P., Petri A., Petera M., Krofta K., Pokorny
me.t J. (2018): Pidoochranné technologie pro péstovani chmelu. Certifikovana
(Studie D metodika, Vyzkumny Gistav melioraci a ochrany pudy, v. v. i., Praha, s. 23.
H Vopravil J., Kincl D. (2017): Koncepce ochrany pfed nasledky sucha na Gzemi
ne'_eg Ceské republiky — ¢asti kapitoly ,,Zemédélstvi jako nastroj péée o mnozstvi
(Studie 1 a jakost vody a stavu pudy*. Ministerstvo zivotniho prostiedi, Praha, 33 —39.
Sedek A., Kincl D., Srbek, J., Nerugil P., Mensik L., Herout M., Jurka M.
Giprot (2017): Technicka dokumentace vyvoje a vyuziti prototypu stroje pro pasové
(Studie 1) zpracovani pudy od spolenosti P&L. Vyzkumny ustav melioraci a ochrany
pudy, v. v. i., Praha, s. 19.
Nerusil P., Kincl D., Mensik L., Srbek J., Prochazkova E., Kobzové D., Sedek
Nimet A., Herout M., Jurka M., Vach M. (2017): Zakladani kukufice seté do travnich
(Studie 1) porosti na orné piddé s vyuzitim pludoochranné technologie pasového
zpracovani pudy. Vyzkumny ustav rostlinné vyroby, v. v. i. Praha, s. 32.
7 Kincl D., Kabelka D., Srbek J., Cap P., Krofra K., Pokorny J. (2017): Ochrana
toch erozné ohrozenych chmelnic. Vyzkumny ustav melioraci a ochrany pudy,
(Studie 1) .
V. V. 1., Praha, s. 28.
Kincl D., Srbek J., Prochazkové E., Kobzova D., Nerusil P., Mensik L., Sedek
Ziech A., Herout M., Jurka M. (2016): Péstovani kukufice seté s vyuzitim technologie
(Studie 1) pasového zpracovani travnich porosti na erozné ohroZenych pozemcich.
Vyzkumny ustav melioraci a ochrany pudy, v. v. i., Praha, s. 23.

Jak bylo zminéno v Givodu kapitoly, vysledky pomahaji statni spravé pii rozhodovani.
Tento zpusob vyuziti se tyka studie II a studie III. Ovétované zpisoby hospodareni
ve studiich patii v soucasné dobé mezi tzv. piildoochranné technologie (pasové
zpracovani pudy, bezorebné seti do ochranné plodiny) a jsou zafazeny Ministerstvem
zemé&délstvi Ceské republiky do standardu DZES 5 primarné zaméfeného na
protierozni ochranu. Nynégj$i nastaveni standardu DZES 5 je vysledkem spole¢nych
jednani zastupci Ministerstva zeméd¢lstvi, vyzkumnych instituci (vCetné
Vyzkumného tstavu melioraci a ochrany pudy, v. v. i.) a zeméd¢€lskych nevladnich
organizaci pfi souCasném zohlednéni ekonomické a organizacni unosnosti pro
zemé&délce. Cely seznam pudoochrannych technologii je otevieny, coZ znamena, Ze
z n¢j technologie miize byt odebrana, nebo naopak muze dojit k jeho rozsifeni. Ob¢

varianty jsou mozné, vzdy vSak na zdklad¢ vysledki dlouhodobého vyhodnocovani
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pudoochranné ucinnosti jednotlivych technologii. Vysledky uvedené ve studiich
slouzi Ministerstvu zemédélstvi Kk potvrzeni ¢i pripadnému vyvraceni
ptidoochranné ucinnosti vybranych technologii. To plati pfredevsim pro studii III,
kdy informace v ni obsazené byly ziskany pravé na zaklad¢ pozadavku Ministerstva
zem&délstvi. Diky pozitivnim vysledkiim bylo mozné potvrdit silnou protierozni

ucinnost bezorebného zpisobu péstovani ¢iroku.

Od 1. 1. 2019 vstoupilo v platnost nové nafizeni vlady ¢. 48/2017 Sb., novela 126/2018
upravujici podminky DZES 5. Pidoochranné technologie ptedstavené ve studii II

a studii I1I jsou v seznamu novych DZES 5 zatazeny a jsou definovany nésledovné:

»Strip-till — principem této piidoochranné technologie je kombinace vyhod ponechani
nezpracované pudy a seti do past se zpracovanou pudou. Zemédélec zajisti ponechani
nezpracované pudy v pasech ve sméru vysévané plodiny, coz doporucujeme provést
ve sméru vrstevnic. Sife zpracovanych péasi nepiesahne 30 cm. Plosny podil
nezpracované pidy bude min. 60 % plochy pozemku. Na nezpracované casti
zemédélec zajisti minimalni 20% pokryvnost pidy rostlinnymi zbytky do doby
vzchazeni porostu, pficemz do 30. ¢ervna musi byt zachovana jesté¢ minimalni 10%
pokryvnost piidy rostlinnymi zbytky a po 1. €ervenci musi byt vizudlné prokazatelné,
Ze pii zakladani porostl plodin s nizkou ochrannou funkci na MEO plochéach byla na

nezpracované ¢asti piady ponechdna ochranna plodina nebo rostlinné zbytky.*

»Zakladani porostu do ochranné plodiny nebo rostlinnych zbytkii (obecna
pudoochranna technologie) — pii zakladani porostti plodin s nizkou ochrannou funkci
pomoci obecné pidoochranné technologie plati podminka dodrzeni minimalné 20%
pokryvnosti pidy rostlinnymi zbytky do doby vzchazeni porostu, pficemz do
30. ¢ervna musi byt zachovana jest¢ minimalni 10% pokryvnost plidy rostlinnymi
zbytky a po 1. Cervenci musi byt vizualné¢ prokazatelné, Ze pti zakladani porostl plodin
s nizkou ochrannou funkci na MEO plochach byla obecnéd ptidoochranna technologie

pouzita.*

Narozdil od studie II a studie I1I, nejsou ovéfované technologie ve studii I s ndzvem
Reduction in soil organic matter loss caused by water erosion in inter-rows of hop
gardens Ministerstvem zemédélstvi zafazeny do seznamu pludoochrannych
technologii. Bohuzel chmelnice a ostatni trvalé kultury v souc¢asné dob¢ (zacatek roku

2020) nespadaji pod zadnou zvlastni ochranu tykajici se ptidy. Vzhledem k rozsahu
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degradacnich procesi, které se ve chmelnicich vyskytuji, by bylo vhodné snazit se
nejen chmelnice, ale i dalsi trvalé kultury do DZES 5 prosadit a rozsifit soucasny
seznam o specialni plodiny. Studie I mtze pomoci s budoucim zafazenim trvalych
kultur do nastrojii na ochranu pudy. Casteéné diky vyzkumu naseho tymu ma nyni
Ministerstvo zemédélstvi ve svém navrhu Spolecné zemédélské politiky po roce 2021
v sekci Ekoschémat zahrnut bod Setrny management na trvalych kulturach (sady,
vinice, chmelnice). V tuto chvili se jednad pouze o navrh, nicméng¢ je diillezité snazit se
tento bod do budoucich nastrojii ochrany pidy prosadit. Ozelenéné mezifadi nema
pouze silné protierozni ucinky, ale ptfinasi zeméde€lské pide a krajiné fadu dalSich
vyhod. Pro srovnani je dobré poznamenat, ze v sousednim Némecku, jehoz vyméra
pestovani chmele je vice nez ttikrat vétsi nez u nas, princip ochrany pidy v mezitadi

chmelnic né€kolik let funguje.

V neposledni fad¢ byly vysledky zatazené do studii (studie II, studie IIT) vyuzity pro
stanoveni hodnot ochranného vlivu vegetace (C-faktoru). U nés i ve svét€ je vodni
eroze nejcastéji vypocitdvana pomoci dlouhodobého primérného smyvu pudy
pocitaného podle rovnice Universal Soil Loss Equation (Wischmeier a Smith, 1978).
Jednim z faktorti rovnice je pravé C-faktor. Aktudlné pouzivané hodnoty C-faktoru pti
vypoctech jsou prevzaty a odvozeny od ptivodnich hodnot pochazejicich ze Spojenych
stath americkych. Je proto Zadouci ovéfovat spravnost odvozenych hodnot

v podminkach Ceské republiky.
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Souhrnna diskuze

Pfestoze je obecny vyznam piidoochrannych technologii na omezeni ztraty pudy
pomérné dobfe znamy (Morgan, 2005; Boardman a Poesen, 2006), stale je potfeba
pracovat na efektivngj$Sim zacleniovani téchto technologii do béznych provoznich
podminek. Ug¢inky ptidoochrannych technologii se navic mohou v riiznych &astech
svéta lisit. To potvrzuji studie Kassam et al. (2015), Soane et al., (2012), Scopel et al.
(2013), Nunes et al. (2018), které¢ uvadi, ze vlastnosti pidoochrannych systémi
hospodaieni zavisi na specifickych problémech regionu. Posouzeni a ovéieni
protieroznich ucinkli piidoochrannych opatieni ve vybrané oblasti je proto nezbytné
k ur€eni jejich vhodnosti a nasledné vyuzitelnosti. Potiebu CcCastéjSiho zatazeni
pudoochrannych technologii do systému hospodateni doklddaji i nedavné cile
Evropské komise obsazené v dokumentu Thematic Strategy for Soil Protection
(Evropska Komise, 2006). V tomto ohledu je velmi dilezitd osvéta zemédelské
vefejnosti zaloZend na informacich podloZenych kvalitnimi daty. Pfedkladané
informace by mély zahrnovat a objasiiovat vSechny vlastnosti plidoochranné

technologie nezbytné pro trvale udrzitelné vyuzivani.

Metodika méieni protierozni ucinnosti

Diserta¢ni prace podava informace o jednom z klicovych pilifi trvale udrzitelného
hospodaieni. Celosvétoveé nejrozsitenéjsi zplisob métfeni a vyjadieni kvantifikace
protierozni G¢innosti pudoochrannych opatfeni je zaloZen na porovnani pozemku, kde
byla aplikovana ptidoochranna opatfeni ve vztahu k pozemku se stejnymi vlastnostmi,
ale bez vyuziti pidoochrannych technologii (Wischmeier a Smith, 1978; Castillo et
al., 1997; Gilley a Risse, 2000). Na zaklad¢ ziskanych udaju lze vypocitat C-faktor
pouzivany do rovnice Universal Soil Loss Equation (Wischmeier a Smith, 1978).
V Ceské republice je pro stanoveni C-faktoru mozné vyuzit publikaci Ochrana
zemeédelské pudy pred erozi (JaneCek et al., 2012), kde je popsdna metoda vypoctu
transformovand do naSich podminek. Stanoveni terminii pro méfeni protierozni
ucinnosti je ve Vyzkumném ustavu melioraci a ochrany ptdy, v. v. i. dlouhodobé
zalozeno pravé na zékladech publikace Janecek et al. (2012). Z tohoto dliivodu byla

vSechna méfeni ve studiich (studie I, studie II, studie III) provedena podle této
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ptirucky. Zakladni a potencionalné nejhorsi technologii predstavuje Cerny kypieny
uhor, ke kterému jsou ostatni technologie pomérové vztazeny. Tato technologie je
zcela bez rostlinnych zbytkli a piipravena vzdy stejnym zplisobem. Kromé
kontrolniho ¢erného kypieného uhoru byvaji zalozeny dalsi technologie. Zpravidla jde
o konvencni zplisob péstovani vybrané zemédelské plodiny a o rizné piidoochranné
zpuisoby hospodafeni. VSechny technologie musi mit stejné parametry, aby je bylo
mozné mezi sebou srovnavat. Sledovani protierozni ucinnosti by mélo byt rozlozeno
do celé vegetacni sezony, nebot’ pidoochranné ucinnost se u technologii v prubéhu
roku postupné méni. Metoda stanoveni C-faktoru je proto rozdélena do nckolika

obdobi. Janecek et al. (2012) definuje jednotliva péstebni obdobi nasledovné:

1) obdobi podmitky a hrubé brazdy.

2) obdobi od pripravy pozemku k seti do jednoho mésice po zaseti nebo sazeni.
3) obdobi po dobu druhého mésice od jarniho nebo letniho seti ¢i sazeni.

4) obdobi od konce tietiho péstebniho obdobi do sklizné.

5) obdobi strniste.

Existuje n¢kolik dal§ich moZnosti, jak stanovit C-faktor. Stanoveni C-faktoru podle
Janecka et al. (2012) vychazi z ptivodni metodiky Predicting rainfall-erosion losses
from cropland east of the Rocky Mountains: Guide for selection of practices for soil
and water conservation (Wischmeier a Smith, 1965), kde jsou obdobi pro vycet

C-faktoru stanovena jako:

obdobi F — hruby uhor. Priprava orbou k seti.
obdobi 1 — kliceni. Od seti do prvniho mésice po vysadbe.

obdobi 2 — zalozeni. Od prvniho do druhého mésice po jarnim nebo letnim seti.
Pro semena setd na podzim obdobi 2 zahrnuje zimni mésice, konci okolo 1. kvétna
v severnich statech, okolo 15. dubna ve stredozemnich statech a okolo 1. dubna
v jiznich statech.

obdobi 3 — rust a zrani plodiny. Od konce druhého obdobi do sklizné.

obdobi 4 — zbytky nebo strnisté. Od sklizné plodiny po orbu nebo nové seti (pokud
byla zalozZena louka, predpoklada se, ze obdobi 4 se musi odlozZit o dva mésice po
sklizni. Od té doby se louka oznacuje jako funkcni louka.).




Dalsi metodu déleni péstebnich obdobi uvadi Wischmeier a Smith (1978)
v aktualizované metodice s nazvem Predicting rainfall erosion losses: a guide to

conservation planning. Definice jednotlivych obdobi pro stanoveni C-faktoru jsou:

Faze F: od orby pluhem do dalstho zpracovani pudy.

Faze S: obdobi od pripravy k seti/sazeni az do 10 % vegetacniho pokryvu.
Faze 1: obdobi od 10 % do 50 % vegetacniho pokryvu.

Faze 2: obdobi od konce faze 1 do 75 % vegetacniho pokryvu.

Faze 3: zrani urody, obdobi od 2. faze do sklizné.

Faze 4: od sklizné po orbu nebo nové seti.

Zcela jiny zptsob urcovani C-faktoru uvadi Renard a Foster (1997) v publikaci
Predicting soil erosion by water: a guide to conservation planning with the Revised
Universal Soil Loss Equation (RUSLE). Vypocty jsou zaloZeny na patnactidennich
intervalech. To znamend, Ze hodnoty uréené pro stanoveni protierozni i€innosti jsou
pocitany kazdych 15 dni v pribéhu roku. V pribéhu roku je stanoveno celkem
24 obdobi s tim, Ze jako jedno obdobi je pocitano prvnich 15 dni kazdého mésice.
Zbytek mésice je bran za dalsi obdobi. Délka spadajici do druhé faze mésice mize mit
od 13 dni (druhd faze unora) do 16 dni (druha faze kazdého mésice s 31 dny).
V podminkach Ceské republiky se nasemu vyzkumnému tymu z hlediska naro¢nosti

a prehlednosti jevi jako nejvhodnéjs$i metoda uvadéna JaneCkem et al. (2012).

Polni simulator desté

Pokud je vybrana vhodna metoda stanovujici terminy pro ovéfovani protierozni
ucinnosti zemédelskych plodin a zptsobl zpracovani pudy, je nutné v definovanych
obdobich uskuteénit méfeni. Rada autorti (Meyer a Harmon., 1979; Johnson a Gordon,
1988; Hamed et al., 2002; Vahabi a Nikkami, 2008; Lassu et al., 2015) vyuzila
k méteni protierozni U¢innosti polni simuldtor desté. Jiz Meyer (1958) povazoval
simuldtory deSt¢ za jedny znejcennéjSich nastrojit ve vyzkumu vodni eroze
a protierozni ochrany. Grismer (2012) uvadi, Ze piiblizn€ 80 % vSech pouZivanych
simulatort desté vyuziva k zadesténi trysky. Vysledky uvedené ve studiich (studie I,

studie II, studie III) jsou rovnéz ziskany pomoci tryskového simuldtoru deste.
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Nevyhodou prvnich tryskovych simuldtord desté¢ byla nestdld intenzita zadeSténi
(Horotn, 1941; Hammad et al., 2006), nicmén¢ v dnesSni dob¢é se u téchto druh
simuldtori vyuzivaji zafizeni hlidajici pozadovanou intenzitu zadesténi (Vahabi

a Nikkami, 2008; Kim et al., 2010; Sangiiesa et al., 2010; Aksoy et al., 2012).

Polni simulator desté Vyzkumného tstavu melioraci a ochrany pudy, v. v. i. je celkové
vybaveny Ctyimi tryskami a ma n€kolik pfednosti. Jednou z nejvétsich je pomérné
velikd zade$tovana plocha 21 m?. V pfipadé vyskytu nestandardnich situaci na
oveéirované plose (praskliny, mysi diry apod.) dokaze simulator dest¢ diky svému
zabéru minimalizovat promitnuti vlivu téchto odlisnosti do kone¢nych vysledk.
Z pruzkumu zahrani¢nich publikaci je ve velikosti zadeStované plochy patrna zna¢na
variabilita. Dokumentovany jsou malé plochy zadesténi o velikosti 0,24 m? (Cerda et
al. 1997), 0,25 m? (Dunkerley, 2012), 1,1 m? (Vahabi a Nikkami, 2008), 1,6 m?
(Hignett et al., 1995), vétsi plochy s vymérou 6,24 m? (Hemgren et al, 2004), 10 m?
(Sangiiesa et al. 2010), 16 m? (Assouline et al., 1997), az po velké plochy sahajici
k 50 m? (Esteves et al., 2000), respektive k 99 m? (Moore et al., 1983). Zakladni déleni
simulatorti dest¢ podle velikosti ovéfované plochy uvadi Yakubu a Yusop (2016)
s tim, Ze nejb&Zn&ji jsou vyuzivany simulatory deité cca o velikosti 4,5 m? Do
kategorie malych simulatort fadi tito autofi zade$ténou plochu v rozmezi 0,1 — 2 m?,
sttednich pak od 2,1 — 4 m?. Do kategorie velkych jsou fazeny simulatory desté
o vyméfe vétsi nez 4 m>. Z vyse uvedeného piehledu vyplyva, Ze vétsina ve svété
pouzivanych simulétort ma mensi plochu zadesténi nez simuldtor desté pouzivany ve
Vyzkumném tustavu melioraci a ochrany pudy, v. v. i. Tato skute¢nost doklada

vysokou hodnotu dat uvedenych v disertacni praci.

Intenzita zade$téni je ve studiich (studie I, studie II, studie IIT) stanovena na
60 mm.h!. Hodnota charakterizuje pfivalovy dést a byla zvolena na zakladé
doporudeni Ceského hydrometeorologického ustavu. Ostatni autofi vyuZivajici
simuldtor dest¢ pro vyzkum eroze uvadi intenzitu zadeStovani pii simulacich
nasledovné: 55 mm.h"! (Cerda et al., 1997), 10 — 30 mm.h"! (Dunkerley, 2012),
24,5 a 32 mm.h"! (Vahabi a Nikkami, 2008), 40 — 100 mm.h"! (Hignett et al., 1995),
65 — 133 (Hemgren et al, 2004), 119 — 124 mm.h! (Sangiiesa et al., 2010),
12,20 a 28 mm.h! (Assouline et al., 1997), 65 mm.h™! (Esteves et al., 2000). Hodnoty
ukazuji, Ze ndmi zvolenych 60 mm.h™! je srovnatelnych s fadou dalsich zahrani¢nich

vyzkumt. Samotny dést’ je vytvafen pomoci trysek 30WSQ pracujicich pfi tlaku
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0,5 baru ve vysce 2,2 m nad terénem. Pii tomto tlaku se primérna velikost kapky
pohybuje mezi 1,5 az 2 mm. Velikost kapek prirozeného dest€¢ se pro srovnani
nejcastéji pohybuje mezi 0,5 mm az 5 mm (Kincaid et al., 1996; Lal, 1998; Yakubu et
al., 2016). Maximalni velikost pfirozenych kapek mize dosdhnout hodnot 7 az 10 mm
(Hudson, 1993; Campos, 1999; Blanquies et al., 2003; Brodie a Rosewell, 2007; Lynch
a Lommatsch, 2011), coz je povazovano za hodnoty, kdy se velké kapky vody stavaji
hydrodynamicky nestabilni a zainaji se rozpadat na mensi (Boxel, 1997; Campos,

1999).

Pti zadeStovani pokusné plochy jsou bézné vyuzivana dvé zakladni schémata.
Zakladni rozdil spociva v rozsttikovani vody. V ramci prvniho schématu vyuzitého
napiiklad autory Blanquies et al. (2003), Herngren et al. (2004), Kim et al. (2010),
Sangiiesa et al. (2010), Aksoy et al. (2012) jsou dopadové kuzely trysek simulatoru
vEtsi nez ohrani¢end pokusna plocha. Dochazi sice ke ztraté urcitého mnozstvi vody
v podobé prestiiki mimo ovéfovanou plochu, ale zadeSténi pokusné plochy je
rovnomérné. Druhé schéma vyuZzivané ve Vyzkumném ustavu melioraci a ochrany
pudy, v. v. i. a dal§imi zahrani¢nimi autory (Assouline et al., 1997; Esteves et al., 2000;
Abudi et al.,, 2012; atd.) pocitd spfesnym vytyCenim a ohrani¢enim plochy
dopadovych kuZelt. Je kladen dlraz, aby veskera voda proudici z trysek zlstavala na
pokusné plose. Simulatory desté jsou vyuzivany pro vyzkum vodni eroze jiz nékolik
desitek let a bylo by jisté vhodné vytvoteni jednotného standardizovaného zptisobu
ovéfovani. Prestoze v minulosti byly snahy o vytvofeni takového navodu (Agassi
a Bradford 1999; Kinnell 2006; Wildhaber et al. 2012), stile nebylo dosazeno obecné

shody ohledné zplisobu zadeStovani pokusnych ploch.

ZadeStovani vymezené pokusné plochy se ve studiich (studie I, studie II, studie III)
uskutecnilo vzdy dvakrat po sobé. Délka prvniho zadesténi byla 30 minut. Jedna se
o dostate¢né dlouhou dobu umoziujici vznik a ustaleni povrchového odtoku. Stejny
cas zadeSténi zvolil Wildhaber et al. (2012), Iserloh et al. (2013) ¢i Novara et al.
(2012). Po skonceni simulace nasledovala 15 minut technologickd ptrestavka. Po
uplynuti stanovené doby doslo k druhému (opakovanému) zadesténi o délce 15 minut.
Schéma dvou zadesténi vyuzival ve svych méfenich i Wischmeier a Mannering (1969)
nebo Vanelslande et al. (1987). Dvé zadesténi byla zvolena z diivodu zachyceni
ruznych pocatecnich vlhkosti ve zvolenych technologiich. Pfi druhém zadesténi maji

ovéifované varianty sjednocenou pocatecni vlhkost vlivem piedchoziho zadesSténi.
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Zpisob a metodu urcenou pro ziskani vysledkt uvedenych v disertacni praci mizeme

ve srovnani se zahrani¢nimi studiemi povazovat za standardni.

Namérené vysledky uvedené ve studiich

Prvni studie (studie I) se zabyva ztratou organické hmoty v disledku vodni eroze na
sklonitych pozemcich chmelnic. Porovnani naseho vyzkumu se zahrani¢nimi studiemi
je v tomto piipadé pomérné obtizné. Produkce chmele je z celosvétového hlediska
vysadou pouze nékolika statd (pfedeviim USA, Némecko, Ceska republika, Cina,
Polsko, Slovinsko, Velkd Britanie) a oblast vyzkumu tykajiciho se ztraty pady
a organické hmoty na erozné ohrozenych chmelnicich neni dosud pfili§ dobie popsana
a kvantifikovéna. Ur€ité srovnani je mozné provést pomoci C-faktoru. Pfi feSeni
projektu NAZV QJ1610418 byla nasSim vyzkumnym tymem stanovena vySe C-faktoru
pro konvenc¢ni obdélavani chmelnic 0,81. Janecek et al. (2012) ve své metodice uvadi
hodnoty C-faktoru pro chmelnice 0,8. Podobné¢ Auerswald et al. (1998) stanovil vysi
C-faktoru ve chmelnicich 0,78, Malisek (1992) pak hodnotu 0,73. VSechna uvedena
¢isla jsou si velmi podobnd. To naznacuje spravnost metody méfeni a je znacny
piedpoklad, Ze vysledky ve studii I ziskané timto zplisobem maji rovnéz vypovidajici
hodnotu. K dalSimu porovnani vysledkii je mozné vyuzit v odborné literatuie 1épe
popsané trvalé kultury (vinice a ovocné sady), které jsou svym charakterem podobné
chmelnicim (péstovani v fadach s mezitfadim). Ve studii Ruiz-Colmenero et al. (2011)
je mozn¢ zjistit mnozstvi vyplavené organické hmoty vlivem vodni eroze ve vinicich.
U technologii s podplodinami v mezifadi bylo toto mnozstvi niz§i o 73,2 %
v porovnadni s konvenéni variantou. Dalsi studie Prodoscimi et al. (2016) obsahuje
hodnoty znacici sniZeni vyplavené organické hmoty o 70 %. Galati et al. (2015) udava

sniZeni 0 59 %. Tyto hodnoty nejsou vyrazné odlisné od nasich vysledk.

Velka cast autord uvadi ve svych odbornych publikacich pouze ztratu pudy
a nezabyvaji se dal§imi charakteristikami erodovaného sedimentu. Urcité srovnani je
tedy mozné provést i pies oblast ztraty pudy. V projektu NAZV QJ1610418 uvadime
niz8i odnos piidy u technologii s podplodinami v mezifadi chmelnic pfiblizné€ o 80 %
v porovnani s konven¢éni variantou. Novara et al. (2011) namétil ve vinicich nizsi
ztratu pudy u technologii s podplodinami o 76 %. Stejné¢ tak Marques et al. (2010)

uvadi snizeni smyvu pidy o 84,6 %. Biddocu et al. (2017) se rovnéz ve vysledcich

47



ptilis nelisi (nizsi ztrata pidy o 72 az 89 %). Pro vodni erozi v ovocnych sadech pak
Keesstra et al. (2016) uvadi snizeni odnosu piidy o 89 % u technologii s pfitomnosti
vegetace v mezifadi. Skutecnost, Ze vSechny uvedené hodnoty jsou podobné nasim
hodnotam, poukazuje (stejné jako u pfedchoziho srovnani C-faktoru) na spravnost

na$ich méfeni.

Ve druhé studii (studie II) je kvantifikovana ptadoochranna ucinnost nékolika
technologii urCenych pro péstovani kukufice seté. Hlavnim cilem studie bylo
porovnani pasového zpracovani pidy s konvenc¢nim zplisobem zpracovani. Diky
tomu, Ze bylo pasové zpracovani pidy provedeno ve vyzilém travnim porostu,
ocekaval na§ vyzkumny tym velmi silné pidoochranné Gc¢inky. Piida pokryta travnim
porostem ma na rozdil od intenzivné obd¢lavané pidy vyhodu v tom, Ze mlze lezet
nékolik let tzv. ladem. To umoznuje postupné obnoveni mimoprodukénich funkci.
Nizké hodnoty ztraty ptdy z nasich méfeni silny ptidoochranny ucinek potvrzuji.
K podobnym, pozitivnim hodnotdm doSel Ryken et al. (2018), kdy pro pésové
zpracovani piidy uvadi niz8i odnos pudy o0 99 %. Stejné tak Wischmeier a Smith (1978)
stanovili protierozni G¢innost této technologie 95 az 97 %. Silny ptidoochranny u¢inek
pasového zpracovani pidy zaznamenal i Prasuhn (2012). Ten ve Svycarské oblasti
namé¢fil ztratu pady nizsi o 90 % ve srovnani s konvenénim zptisobem hospodateni.
Felsot et al. (1990) pro pasové zpracovani pudy vyuZil poskliziové zbytky soji a uvadi
nizsi smyv pidy o 98 %.

Technologie pasového zpracovani nebrani jenom odnosu pidu, ale pozitivné ovliviiuje
infiltraci vody do pidy a omezuje povrchovy odtok. Vzhledem k tomu, Ze byl pro
zalozeni kukufice vyuzit desikovany travni porost, nachdzelo se v nezpracovanych
pasech pidy velké mnozstvi rostlinnych zbytka. Piida byla dostate¢né prokoifenéna,
coz se projevilo ve vyznamné redukci povrchového odtoku. Také Felsot et al. (1990)
naméfil vyrazné niz§i mnozstvi povrchového odtoku u pasového zpracovani pudy
(076 %). Podobné¢ Bosch et al. (2005) doSel ke snizeni povrchového odtoku
dosahujicimu k 81 %. Ryken et al. (2018) pak uvadi znovu velmi silné omezeni

povrchového odtoku o 93 %.

Celkova pudoochranna ucinnost pasového zpracovani pudy muze byt ovlivnéna
druhem a kvalitou zapojeni vegetacniho pokryvu, ve kterém nasledné dojde

k vytvofeni zpracovanych a nezpracovanych past. Travni porost by mél svou
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charakteristikou patfit mezi nejucinnéjsi varianty. Nevyhodou travniho porostu je jeho
jednorazové zpracovani a nemoznost castéjsitho opakovani na stejném pozemku. Proto
se pro pasové zpracovani pudy vyuzivaji i rizné druhy meziplodin. Vhodnou
meziplodinou je svazenka vratiColista (Phacelia tanacetifolia L.), hotCice bila (Sinapis
alba L.) a zito ozimé (Secale cereale L.). UrCitou nevyhodu miize predstavovat potteba
kompletniho umrtveni pfedchoziho porostu uréeného pro pasové zpracovani. K tomu
je nutné na vybraném pozemku provést desikaci za pomoci vhodného ptipravku. U nas
je nejrozsifené]si glyfosat. Po desikaci a nasledném zalozeni kukufice nedochdzi ke
konkurenci  plodin. Podle dosazenych vysledki  ziskanych v projektu
NAZV QJ1510179 bylo stanoveno, ze kukufici je mozné péstovat ptidoochrannymi
technologiemi bez jakéhokoli omezeni. Zakladem uspéSného vyuzivani musi byt

ptesné zaloZeni porostu kukufice do zpracované Casti pudy.

Posledni studie (studie I1I) je postavena na technologii pfimého seti do nezpracované
pudy s vyuzitim strniskové meziplodiny (bezorebna technologie). Tento zpisob
hospodateni je povazovan za vhodnou alternativu ke konvencénimu zplsobu
hospodateni s cilem omezit degradaci pudy (Reicosky, 2008). Hlavni plodinou byl
¢irok, ktery mize byt povazovan za alternativni plodinu ke kukufici. Ve srovnani
s kukufici mé €irok fadu vyhod. Hermut et al. (2012) uvadi nasledujici pozitiva:
1) potieba vody je az o 1/3 nizsi; 2) nedostatkem vody je Cirok méné poSkozovéan
(House, 1985); 3) nizsi naroky na kvalitu pudy; 4) mohutny kofenovy systém sahajici
do hloubky 150 cm. Nevyhodou mohou byt vyS§i naroky na teplo v porovnani
s kukufici, coz ale vzhledem k probihajicim klimatickym zmé&ndm nemusi byt
v budoucnu chépano v naSich podminkach jako nevyhoda. Obecné je v optimalnich
podminkach vykonné;si kukufice, nicméné Cirok ji mize prekonat za dostatecného
tepla a v horSich pidnich podminkach (Podrabsky, 2011). Z hlediska pidoochranné
ucinnosti vykazala v naSich méfenich technologie péstovani c¢iroku bezorebnym
zpusobem velmi dobré vlastnosti. McGeregor a Mutchler (1992) provedl podobny
vyzkum s ¢irokem ve staté Mississippi. Ve studii je zaznamenan niz§i odnos pudy
u bezorebné technologie 0 97 %. Langdale et al. (1979) uvadi rovnéz vysokou hodnotu
(99 % snizeni ve ztraté pudy). Dickey et al. (1984) pomoci simulatoru desté stanovil
u bezorebného zplisobu péstovani ¢iroku snizeni ztraty pudy v rozmezi 66 az 96 %.

West et al. (1991) déle potvrzuje nizs§i smyv pudy piesahujici 80 %. VSechny vyse
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zminéné studie probehly na uzemi Spojenych statti americkych a bylo duilezité ovéfit

protierozni u¢innost v nasich klimatickych podminkach.

Z pohledu povrchového odtoku jsme u technologie Ciroku zalozenym bezorebnym
zptisobem naméfili pozitivni hodnoty ve srovnani s konvencni technologii. Redukce
povrchového odtoku neni tak vyraznd jako u ztraty pidy, pfesto je velmi pozitivni.
Povrchovému odtoku ucinné brani rostlinné zbytky =z pfedchozi meziplodiny
vyskytujici se na povrchu pidy. Vysledkem je ptiblizné o polovinu nizsi povrchovy
odtok ve srovnani s konvencni technologii. Zahrani¢ni autofi udavaji u bezorebného
zpusobu péstovani ¢iroku podobné hodnoty: Langdale et al (1979) — 47 % snizeni,
McGeregor a Mutchler (1992) — 44 % snizeni; Blough et al. (1990) — 25 % sniZeni pfi
30 % pokryvnosti; West et al. (1991) — 33 % sniZeni; Meyer et al. (1999) — 10 az 25 %
sniZzeni. Z vyzkumu piedstaveného ve studii III je mozné konstatovat, Zze bezorebny
zpusob péstovani ¢iroku ma silné ptidoochranné ucinky, kterych je mozné dosdhnout

i na izemi Ceské republiky.

Strauss et al. (2003) analyzoval 68 studii se 160 porovnatelnymi vysledky tykajicich
se eroze pudy a povrchového odtoku u rtiznych zptisobli zpracovani ptidy. Ze zavéri
analyzy vyplyvd, Ze primérnad protierozni ucinnost pudoochrannych zpisobl
hospodareni je ve srovndni s konvenénimi variantami 60 % (medidn pak 76 %).
Vysledky v disertacni praci dosahuji vysSich hodnot, nez udava Strauss et al. (2003),
nicmén¢ vybrané piidoochranné technologie nasim vyzkumnym tymem jsou obecné
povazovany za velmi G¢inné. V ramci uvedenych studii (studie I, studie II, studie
IIT) jsme dosli k zavéru, ze hlavni pfi¢inou vodni eroze a nadmérného povrchového
odtoku je nedostate¢ny pokryv pudy rostlinami, ptipadné jejich zbytky. Ke stejnému
nazoru doSel Blanco a Lal (2010). VyuZivani pidoochrannych technologii méa na
zakladé naSich vysledkii, ale 1 vysledkii uvedenych v ostatnich studiich,
nezpochybnitelny vliv na omezeni degradacnich procesti. Informaci o téchto
zpusobech hospodaieni diky vyzkumu postupné piibyva a je na statni sprave a dalSich
organech k tomu ur€enych, aby tyto informace Sifily mezi zemédélskou vetejnost.
V disertacni praci jsou predstaveny tfi zeméd€lské plodiny, ale je nezbytné najit
a ovefit ptislusné piidoochranné technologie pro vSechny erozné ohrozené zemédélské

plodiny.
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Zavéreéné shrnuti

Disertacni prace je zamétena na kvantifikaci degradacnich procest zptisobenych vodni
erozi u konvenc¢nich a piidoochrannych zptsobii hospodateni. Problematika ochrany
pudy pred degradacnimi procesy je v soucasné dobé velice aktudlnim tématem
zasahujicim do celého svéta. Vzhledem k neustale se zpfisitujicim podminkdm pro
hospodafeni na zemédé€lské pudé je dulezité poskytnout zeméd€lskym subjektim
vhodné a spolehlivé piidoochranné zptisoby hospodateni. Cilem hospodateni by mélo
byt dosazeni zisku pii zachovani zodpovédného vyuzivani piirodnich zdroji
a dostupnych agro-environmentalnich opatfeni. Ne vzdy lze dany typ ptidoochranné
technologie vyuzit na vSech pozemcich. Proto by méla byt moznost volby mezi
riznymi pidoochrannymi technologiemi. Tento princip v Ceské republice v zasadd
funguje a zemédelsky subjekt mé dnes moznost vybrat si takovy zpiisob zpracovani
pudy, ktery bude nejvice vhodny pro jeho pozemek a technické moznosti. Pfi
vyuzivani pidoochranného zplsobu hospodafeni by méla byt zndma protierozni
ucinnost, vynosovost a ekonomickd ndro¢nost dané technologie. Informace
o uvedenych ukazatelich mohou pfispét pii ndsledném vybéru. Z tohoto divodu je
potieba ovéfovat nové, ale i stavajici postupy hospodafeni a mit mezi nimi urcité
srovnani. Podklady pro studie byly ziskany ve Vyzkumném tstavu melioraci a ochrany
pudy, v. v. 1. a publikovany ve spolupréci s Fakultou Zivotniho prostfedi (Katedra

biotechnickych uprav krajiny) na Ceské zemédélské univerzité v Praze.

Celkem se disertacni prace zabyva tfemi erozné ndchylnymi zeméd¢lskymi plodinami.
Vybrany byly chmel, kukufice a cirok. Pro ovéfeni pilidoochranného ucinku
jednotlivych zptsobti hospodaieni byl vyuzit polni simulator desté o plose zadesténi
21 m?. Zade§tovani simulatorem desté probihalo vzdy ve tiech stanovenych terminech

z dlivodu ménici se pokryvnosti povrchu pidy v priibéhu roku.

V prvni studii (Reduction in soil organic matter loss caused by water erosion in
inter-rows of hop gardens) je popsdna problematika vyplavovani organické hmoty
vlivem vodni eroze ve chmelnicich. Chmel ma v ¢eskych zemich dlouholetou tradici
a jeho kvalita je po celém svété dobfe znamd. Pfi klasickém zpiisobu zpracovani
chmelnic neni povrch mezifadi nijak chranén. Vodni eroze a povrchovy odtok pak

nastava pti kazdém vétSim desti. V disledku vodni eroze je piida ochuzovéna o velké
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mnozstvi organické hmoty a pozemek se postupné stavd méné urodny. Pokud jsou
v mezifadi zasety vhodné zvolené podplodiny, je mozné silnym zplisobem snizit
projevy vodni eroze. Vysledky prokazaly, ze pokud je mezifadi chmelnic ozelenéné,
mnozstvi smyté organické hmoty vyrazn¢ klesa v porovnani s konvenénim zptisobem
hospodareni. Pfi vyskytu piivalovych srazek na erozn¢ ohrozenych chmelnicich je
smyv organické hmoty u technologii s podplodinami snizen v priméru o 60 %.
V piipadé vyskytu opakovaného desté si technologie s podplodinami udrzuji stale
velmi silnou pidoochrannou uc€innost 54,5 %. Mezi ovéfovanymi druhy podplodin
nebyly naméfeny vyznamné rozdily. Jednotlivé podplodiny maji své specifické
vlastnosti a funkce, nicméné pro piidoochranny ucinek je nejdilezitéjsi samotna

pritomnost ozelenéni.

Ve druhé studii (The impact of the conservation tillage “maize into grass cover”
on reducing the soil loss due to erosion) je predstavena protierozni Uc¢innost
pasového zpracovani pudy pii zakladani porostu kukutice seté. Kukufice je u nas
v soucasnosti nejcastéji se vyskytujici erozné nachylnou plodinou a jeji péstovani
pomoci ptidoochrannych technologii se dostava stdle vice do poptedi. Zakladnim
principem technologie pasového zpracovani pudy je vytvofeni pasii nezpracované
a zpracované pudy. V nezpracovanych pasech plidy se nachazeji rostlinné zbytky
a brani pted vznikem vodni eroze. Do zpracované ¢asti pudy se provadi seti. Vyhodou
dnesnich stroju je, Ze dokazou zpracovat pasy pudy a zasit, pfipadné aplikovat hnojivo
béhem jediného pojezdu. Studie piinasi jedineCné Udaje o protierozni ucinnosti
technologie pasového zpracovani vyzilého travniho porostu vyskytujiciho se na orné
pude. Z vysledk je patrné, Ze protierozni ucinnost takto zaloZzeného porostu kukutice
je velmi vysoka. Odnos pudy byl v porovnani s konvenéni technologii redukovan na
minimum (celkem o 98 %). Diky prokofenéni plidy travnim porostem je 1 vyraznym
zpusobem omezen povrchovy odtok. Ten byl snizen v porovnani s konvencni
variantou o 79 %. JestliZze povrchovy odtok u technologie nastane, odtéké z pudy téméer

,,Cista voda“.

Tteti studie (Influence of No-Till Technology on Reducing Soil Degradation
During Sorghum Cultivation) je zamétena na kvantifikaci pidoochranného efektu
bezorebného zpracovani pidy pii péstovani Ciroku. Ovéfovana byla varianta
s klasickou §i¥f ¥adku (0,75 m) i varianta uzkého fadku (0,375 m). Cirok byl zvolen

jako alternativni zeméd¢lska plodina do jisté miry srovnatelna s kukufici. Vzhledem
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ke klimatickym zménam by mohlo byt v budoucnu péstovani ¢iroku v Ceské republice
vice rozsitené. V porovnani s kukufici ¢irok 1épe odoldva suchu, k plnému vzristu
potfebuje méné vody a koteny dosahuji do vétsi hloubky. Nameéfené hodnoty
u bezorebného zpusobu péstovani Ciroku ukazuji velmi silnou piidoochrannou
0 89 % v porovnani s konven¢ni variantou. U bezorebné varianty s klasickou §iii
fadku byla ztrata pudy niz§i o 78 %. Pozitivni vysledky byly naméfeny
1u povrchového odtoku. Ten byl u obou pudoochrannych technologii redukovéan

o vice nez polovinu.

Hospodateni pomoci konvenéniho zptisobu bude vlivem ptislusnych tiednich natizeni
zemédelské subjekty dostatecny pocet piidoochrannych technologii véetné jejich
podrobného popsani. Disertatni prace poukazuje na dilezitost vyuzivani
pudoochrannych technologii. I na erozné€ ohrozenych pozemcich je mozné hospodafit
pomoci Setrného a trvale udrzitelného zplsobu. Zékladem nami zvolenych
pudoochrannych technologii je zakryti povrchu piidy vegetaci. Rostlinné zbytky,
ptipadné celé rostliny brani dopadajicim kapkam v rozruseni povrchu pidy a zaroven
brani pted vznikem povrchového odtoku. Jestlize chceme omezit degradacni procesy
a postupné vracet pude jeji zékladni vlastnosti, je nezbytné piidoochranné technologie
vyuzivat. Plidu mame jenom jednu, a pokud si ji jednou zni¢ime, jeji naprava bude
velice obtiZzna a v nékterych piipadech jiz nebude vzhledem k délce jeji obnovy ani

mozna.
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Summary

This dissertation thesis is focused on the quantification of degradation processes
caused by water erosion in conventional and soil conservation methods of land
management. The issue of soil conservation against degradation processes has been
recently a very up-to-date topic spreading all over the world. Given the increasingly
stricter conditions for land management on agricultural land it is essential to provide
agricultural entities with appropriate and reliable soil conservation practices. Land
management should aim to gain profit while maintaining the responsible use of natural
resources and available agro-environmental measures. It is not always possible to use
the particular type of soil conservation technology on all types of plots of land.
Therefore, there should be a choice among various soil conservation technologies.
Basically, this principle works in the Czech Republic and the agricultural entity has
nowadays the possibility to choose the type of technology which shall be most
appropriate for its plot of land and technical possibilities. Anti-erosion efficiency as
well as profitability and economic demands of a particular technology should be
known when using soil conservation methods. Information on the given indicators can
contribute to the subsequent selection. For this reason, it is necessary to verify new as
well as current management procedures and to have a certain comparison between
them. The materials for these studies were obtained at the Research Institute of Soil
and Water Conservation, public research institution and published in cooperation with
Faculty of Environmental Sciences (Department of Land Use and Improvement) at

Czech University of Life Sciences in Prague.

In total this thesis deals with three agricultural crops susceptible to erosion, i.e. hops,
maize and sorghum were selected. A field rainfall simulator with the sprayed area of
21 m? was used in order to verify soil conservation effect of the individual farming
management methods. Spraying water using rainfall simulator always took place at

three set dates due to the changing soil surface coverage throughout the year.

The first study (Reduction in soil organic matter loss caused by water erosion in
inter-rows of hop gardens) deals with the issue of washing out organic matter in hop
gardens due to water erosion. Hop has had a long tradition in the Czech lands and its

quality is very well known all over the world. The inter-rows surface is not protected
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in any way within the traditional method of hop gardens treatment. As a consequence,
water erosion and surface runoff occur with every major rainfall. As a result of water
erosion, the soil is depleted by a considerable amount of organic matter and the plot of
land gradually becomes less and less fertile. If suitably selected catch crops are sown
in inter-rows, it is possible to substantially reduce the effects of water erosion. The
results have shown that if the hop garden’s inter-rows are made green through
vegetation cover, then the amount of washed organic matter considerably decreases
compared to conventional farming. In the event of torrential rainfall in erosion
threatened hop gardens, the organic matter wash-out in technologies with catch crops
decreased on average by 60%. In the event of repeated rainfall, the technologies with
catch crops still maintain a very high level of soil conservation efficiency of 54.5%.
Significant differences were not detected among verified types of catch crops.
Individual catch crops have their specific characteristics and functions, however, the

very presence of vegetation cover is most important for the soil conservation effect.

The second study (The impact of the conservation tillage “maize into grass cover”
on reducing the soil loss due to erosion) presents anti-erosion efficiency of strip-till
when establishing the growth cover of maize. Maize is at present the most frequently
occurring erosion prone crop and its cultivation by means of soil conservation
technologies is becoming increasingly important. The basic principle of strip-till
technology is to create strips of treated and untreated soil. In untreated strips of soil
there are plant residues, which prevent water erosion. Sowing is carried out into the
treated part of the soil. The advantage of today’s agricultural machines is the fact that
they are able to treat strips of soil and sow, and possibly apply fertilisers during a single
drive. This study brings unique data on soil conservation efficiency of strip-till
technology of the worn grass cover occurring on arable land. It is apparent from the
results that soil conservation efficiency of the established cover of maize is very high.
Soil loss was reduced to a minimum (in total by 98%) compared to conventional
technology. Surface runoft is considerably reduced as well thanks to rooting of soil by
grass cover, which was reduced by 79% compared to the conventional technology. If
the surface runoff occurs within this technology, almost “pure water” flows out of the

soil.

The third study (Influence of No-Till Technology on Reducing Soil Degradation

During Sorghum Cultivation) deals with quantification of soil conservation effect of
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no-till technology when growing sorghum. The technology with a typical row width
of (0.75m) as well as the technology with a narrow row (0.375m) were verified.
Sorghum was selected as an alternative agricultural crop to a certain extent comparable
to maize. Sorghum cultivation in the Czech Republic could be more widespread in the
future due to climate change. Compared to maize, sorghum is more resistant to
drought, it needs less water to reach a full growth and its roots reach deeper. The
measured values in no-till technology of sorghum cultivation show a very strong soil
conservation efficiency. The soil loss was lowest in the no-till technology of a narrow
row with a reduction of 89% compared to the conventional technology. The soil loss
was lower by 78% in no-till technology with a typical row width. Positive results were
also measured in surface runoff, which was reduced in both soil conservation

technologies by more than a half.

Land management using conventional method will become increasingly difficult due
to relevant official regulations and also due to soil quality deterioration. It is therefore
vital to ensure a sufficient amount of soil conservation technologies including their
detailed descriptions for agricultural entities. This dissertation thesis highlights the
importance of using soil conservation technologies. Even erosion prone plots of land
can be treated using environmentally friendly and sustainable way. The basis of our
selected soil conservation technologies is covering soil surface by vegetation. Plant
residues, or whole plants prevent falling drops from disturbing the soil surface and at
the same time prevent the onset of surface runoff. If we want to reduce soil degradation
processes and gradually give the soil its basic properties, it is necessary to use soil
conservation technologies. Soil is unique and once we destroy it, the remedy will be
very difficult and in some cases the remedy will even no longer be possible due to the

length of its restoration.
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Abstract: Currently, when cultivating Humulus lupulus, there is no systematic farming reducing soil erosion in the
Czech Republic. As a result, annual irreversible soil and organic matter losses due to intensive rains occur on soils
of hop gardens threatened by erosion. One of the possibilities how to reduce water erosion in hop gardens and
thereby to decrease the amount of washed away organic matter is using the conservation effect of suitably selected
catch crops in inter-rows. Two catch crops were selected to test: Phacelia tanacetifolia and a grass-legume mixture.
Organic matter in soil is a key factor to maintain the stable soil environment and our results show that the amount
of washed away organic matter was reduced by more than half compared to conventional farming (60% — naturally
moist soil, 54.5% — soil already saturated). The research was conducted between the years 2016 and 2017 close to
the village of Solopysky. Soil loss was investigated using a rainfall simulator from which the organic matter washing
away was consequently determined. The rainfall simulator is a device enabling to measure not only the soil loss due
to water erosion but also the volume of surface runoff, infiltration etc. From the outcomes of measurements carried
out with rainfall simulator it is apparent that these technologies have a significant soil conservation potential in
hop gardens.

Keywords: catch crops; permanent crops; soil conservation technologies; soil degradation

Soil water erosion is the process by which soil ma-  to realize that one centimetre of soil takes decades

terial (either organic or inorganic) is removed from
its initial place by a combined action of raindrop
energy and runoff (GOEBEL et al. 2005). It is one
of the principal mechanisms of land degradation
(LAL 2003; BATIONO et al. 2007) and very serious
worldwide issues. In the Czech Republic more than
51% of agricultural land is threatened by soil deg-
radation (SARAPATKA & BEDNAR 2015). It is vital

up to hundred years to form and the consequent
renewal of degraded soil is a very lengthy and expen-
sive process and in many cases the remedy-renewal
process is not even possible (RANDOLPH 2004). If
the soil is to fulfil all its functions, its fundamen-
tal properties cannot be principally affected. For
more than a century, soil organic matter has been
recognized as a key determinant of soil fertility and
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agricultural production (HILGARD 1906; TIESSEN et
al. 1994; BORDONAL et al. 2017). Due to an optimum
amount of good-quality organic matter in soils, the
soil is able to fulfil a range of irreplaceable processes
which have a significant influence on physical and
chemical soil properties (REIcosKky 2003) and play a
critical role in sustaining soil quality and sustainable
agricultural productivity (AMUNDSON et al. 2015).
Organic matter undergoes transformations in soil,
such as mineralization, humification, assimilation
or stabilisation (GUGGENBERGER 2005). Humifica-
tion has the most significant effect on soil fertility
(PETTIT 2004). Humus also contains substances which
can affect plants as hormonal stimulators. Even a
small amount of humus can significantly improve
the soil ability instrumental in plant growth (BRADY
& WEIL 2002).

Organic matter loss in soils is generally regarded
as the most significant factor of soil degradation
process. Numerous studies have demonstrated that
soil erosion has significant negative impacts on the
organic matter and nutrients in soils and sediments
(GREGORICH et al. 1998; Fu et al. 2009; KIRKELS
et al. 2014). The loss is caused predominantly by
wind and water erosion and by insufficient supply
of organic fertilisers into soils (RITTER & ENG 2012).
Soil particles are taken by erosion along with the fine
humified part of soils, which is the most precious
part of soil profile and its lack significantly influ-
ences the scope and speed of degradation processes.
These processes have strong impacts on soil organic
carbon dynamics in soil (LAL 2005; X140 et al. 2017)

Water erosion is particularly manifested on slop-
ing plots of land in crops insufficiently covering the
soil surface. One of the crops which significantly
contribute to water erosion and consequently to
organic matter loss is hop. The hop is a permanent
crop remaining on one plot for 20 to 25 years, some-
times even longer (STRANC et al. 2012). All over
the world the hop is cultivated in row spacing from
2.7 to 4.2 m and if the hop garden is located on a
hillslope and the soil conservation in inter-rows is
not sufficient, it is easily prone to water erosion.
These hop gardens lose their most fertile part when
torrential rains occur.

One solution could be using catch crops intended
for green manure (DURAN-ZUAZO & RODRIGUEZ-
PLEQUEZUELO 2008; MARQUES et al. 2016). Catch
crops are thought to be suitable underplanted crops
cultivated in inter-rows of hop gardens (KROFTA et
al.2012). Catch crops have long been valued for their

soil conservation benefits (KASPAR & SINGER 2011;
CHATTERJEE 2013) including reduction in runoff
and soil erosion (GOMEZ et al. 2009; JAHANZAD et
al.2017; ETEMADI et al. 2018), improvement of soil
structure (PALESE et al. 2014) and increase in infiltra-
tion and soil organic carbon content (VANDERLINDEN
et al. 1998; MARQUEZ-GARCIA et al. 2013). Catch
crops can also be a promising option to accelerate
carbon sequestration (PAUSTIAN et al. 2016; PARDO
et al. 2017). A suitable combination of catch crops
has a positive effect on soil structures also due to
underground biomass. Underground biomass is un-
derstood as the root system of crops. Roots are one
of the main sources of carbon and nitrogen in soils
(ZpruULl et al. 2004; RASSE et al. 2005); their labile
carbon compounds and root exudates contribute
to the stabilization of soil in the upper 5-cm layer
(JacksoN et al. 2017).

MATERIAL AND METHODS

The research was conducted near the village of
Solopysky, which is located 12 km south-west of the
town of Louny. Typical climate is slightly warm and
dry. Mean annual rainfall is 450-550 mm and tem-
perature 7—-8.5°C. The terrain of wider surroundings
is significantly rugged. Soils are luvic Cambisols due
to texture differentiation. In irregular locations there
are fluvic characters (IUSS Working Group 2015).
The main soil-forming process is weathering perma-
carbon with neutral or weak alkaline reaction. The
basic soil properties: 1.53% total oxidizable carbon
(Cox); humus 2.64%; total nitrogen (Ntot) 0.184;
C/N ratio 8.3. The topsoil layer up to 50 cm (the
soil texture: < 0.002 mm — 23.8%; < 0.01 mm 36.5%;
< 0.05 mm - 66.7%; < 0.1 mm — 84.4%). There are
mentions of soil compaction in wheel tracks. These
tracks are unfortunately an inseparable part of hop
gardens due to the frequent traffic of agricultural
machinery.

Plots for tested technologies were selected par-
ticularly for their height and uniform slope, which
exceeded 17% in some parts. Soil conservation effec-
tiveness of tested technologies was better manifested
due to the great slope of parcels. Experimental plots
had a length of 16 metres.

In total 4 technologies were selected to test and
check the amount of organic matter washing away.
Two technologies were selected as the control ones
(WiscHMEIER & SMITH 1978) and the two remain-
ing technologies were soil conservation technologies
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with catch crops. In 2016 the experimental plots with

catch crops were established always twice. For this

reason, it was possible to carry out two rain simula-
tions for each type of catch crop during one term.

A more detailed description of tested technologies

can be found in the following text:

(a) bare soil (control plot) — experimental plot is
completely without plant cover,

(b) conventional farming (control plot) — the clas-
sical way of hop farming,

(c) conventional farming with sowing of Phacelia
tanacetifolia — no-tillage sowing of Phacelia tana-
cetifolia in the amount of 10 kg/ha was carried out,

(d) chisel ploughing with the sowing of grass-legume
mixture — no-tillage sowing of grass-legume mix-
ture was carried out (Pisum sativum 20%, Vicia
sativa 20%, Avena sativa 30%, Triticum aestivum
30%) in the amount of 120 kg/ha.

Rainfall simulator was used to measure soil erosion
and consequent organic matter loss. It is a device
which is used to a larger extent to study soil ero-
sion processes, and the use of rainfall simulators is
widely accepted (CHMELOVA & SARAPATKA 2002;
ISERLOH et al. 2013; MARTINEZ-MURILLO et al. 2013;
Lassu et al. 2015). The principle of measuring with
rainfall simulator is based on rainfall simulation on
a clearly defined and designated area. The size of
the rainfall simulation area is 21 m?, from which
subsequently surface water along with eroded soil
particles runs off. The rainfall simulator allows for
monitoring not only the erosion effect, but also
the rainfall and infiltration capacity of soil or the
beginning and the end of surface runoff. Therefore,
results and outcomes from a rainfall simulator offer
a comprehensive set of information about selected
technologies and their soil conservation effectiveness
in the course of torrential rainfalls. When testing, it
is necessary to ensure that soil and slope conditions
of individual options are as similar as possible. For
this reason the technologies were established and
tested on the same plot.

Rainfall simulation on the designated area was
done twice consecutively. The duration of the first
rainfall simulation was 30 min, after which a tech-
nological 15-min break followed. After the allocated
time elapsed, the second (repeated) rainfall simula-
tion with duration of 15 min was performed. Two
rounds of rainfall simulation were selected in order
to simulate rainfalls on the soil with natural moisture
and subsequently on the already saturated soil. Tests
and checks of selected technologies were done in
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three developmental stages of the catch crop cover

on growing dates defined in the guidelines Erosion

Control in the Czech Republic — Handbook (JANECEK

et al. 2012). The description of individual growth

dates is below:

(I) — date of measurement (second growth period)
— period from plot preparation to sowing up
to one month after sowing or planting

(II) — date of measurement (third growth period) —
period to the end of second month from spring
or summer sowing

(III) — date of measurement (fourth growth period)
— from the end of the third period up to harvest

As for the rainfall simulator, the rainfall inten-
sity is set to be 60 mm/h. Conditions described by
JANECEK et al. (2012) were taken into account when
constructing the rainfall simulation regime. This
intensity was chosen based on the recommendation
of the Czech Hydrometeorological Institute and it
reflects the average intensity of torrential rainfalls
in the Czech Republic.

In order to determine the amount of organic matter
washed away, it is necessary to know the total soil
loss during simulation and the amount of organic
matter in the eroded material. Firstly, the final soil
loss for individually tested technologies has to be
determined. Samples of surface runoff were always
taken from the water-collecting flume at the place
of outflow during the measurement using a rainfall
simulator. Samples were taken every three minutes
with the aim to find out the total amount of eroded
undissolved particles. A calibrated container of 319 ml
in volume was used with the sample taken to ensure
the same volume of the taken sample every time.
When the simulation finished, each sample was dried
in a Memmert UFB 400 oven (Memmert, Germany)
for 12 h at a temperature of 105°C in laboratory
conditions. After drying, the weight of undissolved
particles (mg) in each sample with the volume of
319 ml was determined. The number of samples
varied in individual technologies depending on the
beginning of surface runoff. The average amount
of washed undissolved particles for the particular
technology was determined from the samples treated
in this way.

Due to the fact that the rainfall simulator detects
the course and volume of surface runoff, it is pos-
sible to determine how much water ran off from the
rainfall simulation area during the particular time.
Total amount of eroded sediment from the checked
area can be calculated by multiplying the average
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amount of undissolved particles in one sample by
the volume of surface runoff.

Consequently, dried sediment from all samples for the
particular technology was put together and the percent-
age amount of organic matter in the taken sediment was
determined using the right method. In the laboratories
of Research Institute of Soil and Water Conservation,
the method I1SO 14235 (1998), ONORM L 1081, was
selected as the method determining the total amount
of organic matter. If the percentage of organic carbon
in the total amount of eroded undissolved particles
is known, then the amount of washed organic matter
during simulation can be determined as well.

RESULTS

The amount of washed away organic matter is
related to bare soil, which is regarded as control tech-
nology along with conventional farming. Although
the same method was observed during simulation, it
is not possible to compare results for individual dates
and years without converting them to percentage.
This is so because the soil can have different moisture
and temperature parameters when testing technolo-
gies. For this reason, the final values are expressed in
percentage, when bare soil is considered the basis. In
this way, the possibility to compare individual dates
within one year and also across years is ensured. The
average amount of undissolved particles converted to
mg/l from all tested technologies is shown in Table 1.

For the first rainfall simulation the second growth
period was chosen. Catch crops of the grass-legume
mixture reached the height of 12—13 cm. The plants
of Phacelia tanacetifolia were 5-6 cm high at the

time of rainfall simulation. The problem seemed to
be the effect on experimental plot caused by wheel
tracks from agricultural machinery. Surface runoff
occurred just in the wheel tracks.

The second date chosen for simulation correspond-
ed to the third growth period. During the second
measurement, the vegetation cover of catch crops
was fully grown in both soil conservation technolo-
gies. The grass-legume mixture reached the height of
60 cm, whereas Phacelia tanacetifolia only 30 cm. The
wheel tracks were the problem on both experimental
plots again. However, plants started lodging due to
rainfall simulation, among others also in the direc-
tion of the wheel tracks, thus better soil protection
from direct fall of raindrops. The best protection of
wheel tracks was manifested in cover crops of the
grass-legume mixture which was more resistant to
the traffic of agricultural machinery.

The third testing of chosen technologies was done
in the fourth growth period. In the soil conserva-
tion technology with grass-legume mixture some
crops were wilted (Vicia sativa, Avena sativa) but
others (Pisum sativum, Triticum aestivum) still veg-
etated and reached the height of about 60 cm. A
similar situation occurred also with the conventional
farming of Phacelia tanacetifolia. In this period and
individual plants started to wither. The height of
Phacelia tanacetifolia was approx. 20 cm. The basic
values from measuring with a rainfall simulator are
shown in Table 2.

Rainfall simulation on soils with natural moisture
— measured values during rain simulations on natu-
rally moist soils are shown in Figure 1. A polynomial
curve of 3™ degree (cubic polynomial) was chosen

Table 1. Rainfall simulation — average amount of undissolved soil particles in samples taken in tested technologies

Undissolved soil particles (mg/l per one sample)

Type of technology L. term IL. term III. term
2016 (a) 2016 (b) 2017 2016 (a) 2016 (b) 2017 2016 (a) 2016 (b) 2017

. ; 30min 162117 NA 168860 51049 NA 115676 99555 NA 107 738

are sot 15min 119625 NA 81663 73096 NA 74860 66900 NA 54419
Conventional 30 min 142953 NA 137410 55450 NA 136598 102967 NA 131134
farming 15min 96897 NA 63764 50097 NA 81486 75183 NA 64939
C.f + Phacelia 30min 98237 96897 72432 10992 16556 67848 16618 38687 7426
tanacetifolia 15min 88461 95531 39034 8444 1298 36359 9653 37909 4107
Cp. + grass-legume 30 min 142412 156962 104212 5913 14363 28985 33689 54356 20246
mixture 15min 113143 100266 67575 5739 13295 13485 24659 25035 9733

C.f. - conventional farming; C.p. - chisel ploughing; NA — not available — there was only one measurement for technologies

of bare soil and conventional farming in 2016
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as a connecting line of the trend between the dates
of rainfall simulation. As early as on the first date, a
positive effect concerning the conservation of organic
matter against washing away caused by water ero-
sion was observed in soil conservation technologies.
The washed amount of organic matter was similar
in both treatments with catch crops and it ranged
from 16% to 37% compared to bare soil. A significant
influence of soil conservation technologies on re-
ducing the organic matter loss was clearly apparent
on the second date of simulation. With catch crops,
the washing away of organic matter due to water
erosion was reduced nearly by 75% (in 2017 nearly
by 94% in the grass-legume mixture) in comparison
with bare soil. During the third rain simulation, the
tested soil conservation technologies retained strong
conservation efficiency in relation to organic matter

Table 2. Measured values during the rainfall simulation

https://doi.org/10.17221/135/2018-SWR

loss. This efficiency was around 75% in comparison
with bare soil. Results of conventional farming point
out to the insufficient protection of hop garden
inter-rows against organic matter washing away. The
extent of organic matter washing away was usually
significantly higher than the values obtained when
using catch crops.

Rainfall simulation on already saturated soils — the
washed away amount of organic matter during rain
simulations on already saturated soils is depicted
in Figure 2. The cubic polynomial was used again
for the curve of development concerning technol-
ogy conservation efficiency between the dates of
rainfall simulations. The highest organic matter loss
on the first date of rainfall simulation occurred on
plots with control treatments (2016 — conventional
farming, 2017 — bare soil). Differences in the total

) No. of samples
Type of verified technology

Surface runoff Organic matter in sediment

U] (%)

2016 (a) 2016 (b) 2017 2016 (a) 2016(b) 2017 2016 (a) 2016 (b) 2017

5 | 30 min 10 NA 9 360 NA 490 1.16 NA 1.24
are sot 15min 6 NA 6 225 NA 206 1.09 NA 1.25
Conventional ~ 30min 9 NA 10 290 NA 323 1.18 NA 1.11

E farming 15min 6 NA 6 263 NA 228 1.17 NA 1.12

(o)

. Cf + Phacelia  30min 7 5 9 209 102 242 1.17 1.26 1.32
tanacetifolia 15min 6 6 6 212 174 240 1.31 1.30 1.51
C.p. + grass- 30 min 8 8 9 130 137 145 1.33 0.90 1.13
legume mixture 15 min 6 6 6 212 219 167 1 0.88 1.19
B | 30 min 10 NA 10 286 NA 420 1.20 NA 1.11

are sot 15min 6 NA 5 225 NA 249 1.07 NA 1
Conventional 30 min 10 NA 9 280 NA 304 0.96 NA 0.89

é farming 15 min 6 NA 5 205 NA 202 0.97 NA 0.90

[0}

= C.f. + Phacelia  30min 10 10 9 261 254 142 1.67 1.42 1.28
tanacetifolia 15 min 6 6 6 149 171 107 1.86 1.22 1.28
C.p. + grass- 30 min 10 10 9 261 251 74 2.11 1.35 1.48
legume mixture  15min 6 6 5 152 155 58 1.82 1.21 1.66
B " 30 min 10 NA 11 385 NA 503 1.19 NA 1.42

are sot 15min 6 NA 6 265 NA 272 0.87 NA 1.12
Conventional 30 min 10 NA 11 352 NA 294 1.01 NA 1.21

g farming 15min 6 NA 6 271 NA 157 0.96 NA 1.35

= Cf +Phacelia  30min 11 11 11 419 423 353 1.21 1.15 1.92
tanacetifolia 15min 6 6 6 232 152 232 1.53 1.12 1.94
C.p. + grass- 30 min 11 10 11 422 323 279 1.04 1.09 1.58
legume mixture 15min 6 6 6 238 240 168 1.08 1.05 1.66

C.f. - conventional farming; C.p. - chisel ploughing; NA — not available — there was only one measurement for technologies

of bare soil and conventional farming in 2016
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amount of washed away organic matter decreased
in all tested technologies compared to rainfall simu-
lation on naturally moist soils. The main reason is
soil saturation from the previous rainfall simulation
and low growth of catch crops. Even still, the soil
conservation technologies showed lower values than
bare soil and conventional farming. Both treatments
with catch crops were already fully engaged when
rainfall simulation on saturated soils was performed
on the second date. This was demonstrated also in
high soil conservation resistance to organic matter
loss. Organic matter washing away in the case of us-
ing catch crops was lower by approx. 85% compared
to bare soil. On the third date, soil conservation
technologies showed high conservation efficiency.
Both treatments with catch crops reached similar

100 €= = == mimmimimim s

results during measuring. Washing away in inter-
rows with catch crops was lower on average by 29%
compared to bare soil. Technologies of conventional
farming had again weak soil conservation effects on
all dates of measurement. On the third date in 2016,
organic matter washing away was even higher by 26%
compared to bare soil.

Evaluation of the two-year research — based on
the two-year research, bare soil is considered the
worst treatment; it was chosen as the control plot
and results of other technologies were related to it.
Results of conventional farming are not significantly
different compared to bare soil. This fact points
out to the insufficient soil conservation efficiency
of traditional farming. During the second rainfall
simulation on already saturated soil, conventional

R A Conventional farming

@ Chisel ploughing +
grass-legume mixture

O Conventional farming +
Phacelia tanacetifolia

& Bare soil

100

y=-8.8241x2+39.29x + 41.791

¥ =-3.0962x2 + 25.236x — 4.0049

y=6.2936x>—21.16x +43.453

The amount of washed away OM (%)
[}
(=)

y=-14.213x2+ 63.153x - 0.923

»y=28.2338x2—35.458x + 43.866
y=-8.3217x>+25.281x + 5.5916

Term of measurement

Figure 1. The amount of organic matter (OM) washed away during rain simulations on naturally moist soil (first simu-

lation — 30 min)
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A Conventional farming

»=59.68x> - 228.2x +274.29 ® Chisel ploughing +
y=100 grass-legume mixture

O Conventional farming +
Phacelia tanacetifolia

y = 54.068x2— 238.27x + 269.29 < Bare soil

y=41.384x2—198x +243.77

140
120

»=759.681x2—228.2x +274.29

100
80
60
40
20

y=100

y=39.707x>—167.88x + 192.33

»=39.626x2—174.12x + 203.04

The amount of washed away OM (%)

100

y=100

»=10.7556x2—0.2268x + 76.908

y=33.153x? - 156.36x + 187.07

y=12.497x?—78.048x + 132.82

Term of measurement

Figure 2. The amount of organic matter (OM) washed away during rain simulations on already saturated soil (second

simulation — 15 min)

farming was worse in two cases compared to bare
soil. Compared to the treatments with catch crops,
this is a technology whose soil conservation effi-
ciency is very low. The average amount of washed
away organic matter from the two-year research is
depicted in Figure 3 including an error line segment
describing the deviation between the measurements.

It follows from acquired data that by using catch
crops it is possible to reduce the organic matter loss
from soil in the course of the entire season by more
than half compared to conventional farming; both
in the case of rain on naturally moist soils (66.2%),
and also in the case of repeated rain on already satu-
rated soils (59%). In all measured cases the amount
of washed away organic matter was lower compared
to control plots (bare soil, conventional farming).
Catch crops fulfil their soil conservation function
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even shortly after sowing. Their efficiency increases
in the course of the season up to full growth. The
technologies with catch crops still maintain a high
degree of soil conservation efficiency even after the
end of vegetation season. One of the most important
indicators of this research is depicted in Figure 4.
There exists conservation efficiency of catch crops
on individual dates of measurements in relation to
conventional farming. The conservation effect con-
cerning organic matter washing away due to water
erosion was generally very high in the treatments
with catch crops. An exception is the first date with
rainfall simulation on already saturated soil. On this
date the plants of catch crops do not yet reach neces-
sary height and the soil conservation effect is not so
significant as in the following measurements due to
soil saturation from the previous rainfall simulation.
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Figure 3. Average amount of washed away organic matter (OM) during simulations in 2016 (a, b) and 2017: naturally

moist soil — 30 min simulation (A) and saturated soil — 15 min simulation (B)

C.f. — conventional farming; C.p. — chisel ploughing

DISCUSSION

A characteristic feature of soil conservation tech-
nologies during soil cultivation is leaving the residues
of preceding crops or biomass of catch crops on the
soil surface or only a shallow ploughing of these plant
residues into the soil (ALBERTS & NIEBLING 1994).
The same was claimed by BLANco and LAL (2010),
who dealt with principles and management of soil
conservation. The most important outcome of this
research is the finding of a difference in the amount
of washed away organic matter due to water erosion
between conventional farming and technologies with
catch crops. A direct correlation between erosion and

soil management has been found by many authors.
The lower the extent of erosion, the lower is the
organic matter loss from soil. Some authors have
found that soil conservation technologies reduce the
erosion risk by up to 63% compared to conventional
farming (ZHANG et al. 2009). NOVARA et al. (2011)
reported a reduction of erosion with catch crops
from 40% to 76% in comparison with conventional
technology. These results are in line with MARQUES
et al. (2010). In a two-year study at the plot scale
Ruiz-COLMENERO et al. (2011) observed that inter-
rows with a cover crop lost between 50% and 75%
less soil than inter-rows without cover crops. Bip-
poccu etal. (2017) stated that the annual sediment

Figure 4. Conservation efficiency of catch
crops compared to conventional farming:

(A) 100 (B) 100

= 90 T T 90 1
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naturally moist soil — 30 min simulation (A)
and saturated soil — 15 min simulation (B)
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yield in cover crops was lower by 72% to 89% than in
conventional farming. Also, MORVAN et al. (2014)
measured low erosion rates for vegetation covered
plots and pointed out the importance of grass cover
density in the wheel tracks of agricultural machinery
to prevent water runoff and erosion.

Conclusions of this study are similar. When there
are catch crops in inter-rows, erosion and washed
away organic matter are much lower compared to
conventional farming which is without vegetation
cover. The values of other authors do not differ very
much from our results when the difference in or-
ganic matter washing away between soil conservation
treatments and conventional farming was on average
lower by 60% on naturally moist soils, and by 54.5%
on soils already saturated. Some authors like WENDT
and BURWELL (1985) recorded a reduction of erosion
higher than 90%. In this way GARCIA-ORENES et al.
(2005) stated that catch crops, by their very presence,
are able to protect the soil surface against the effect of
rain drops. Moreover, catch crops reduce the amount
of surface runoff and they support the formation and
stability of soil aggregates. As it was mentioned by
FULLEN et al. (2006), the organic matter content in
soil under 2% already significantly increases the risk
of erosion. In the longer-term use of catch crops, a
favourable influence on yields of main crops and on
soil structure can be expected (JAVOREK & VACH 2009).

CONCLUSION

The issue of organic matter loss from erosion threat-
ened plots of hop gardens is a significant one. Because
the amount of washed away organic matter was lower
in soil conservation technologies in all realized meas-
urements compared to conventional farming, it can
be concluded that catch crops significantly reduce
the organic matter loss in hop gardens vulnerable
to erosion. On the contrary, measured values in
conventional farming point out the need of using
a different farming method for hop gardens if they
are located on hillside plots. During the season, the
amount of washed away organic matter in plots with
catch crops was reduced by more than half compared
to conventional farming. The soil conservation effect
of technologies gradually increased in the course
of the catch crop growth. The most vulnerable pe-
riod is the time until the catch crop cover is at least
partially closed. Nevertheless, catch crops show a
significant soil conservation effect even in the first
stage. Maximum soil conservation effects were found
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on the second date of measurement, which was done
by the end of June. Thus, during the periods of the
most frequent occurrence of torrential rains, catch
crops prevented organic matter loss from the plot
threatened by erosion.
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Abstract: Maize (Zea mays L.) belongs among the most important agriculture crops all over the world. The conventio-
nal way of cultivating maize with wide row spacing does not have a soil conservation effect and significantly contributes
to water erosion and surface run-off. In our research, we tested the soil conservation technology (strip-till into grass
cover) which took place in 2016 and 2017 in the location of Central Bohemia. The impact of a strip-till system of maize
into grass cover on reducing the soil loss due to erosion was verified on the area of 21 m? using a rainfall simulator. Du-
ring the research, 70 measurements were realised. The strip-till was compared to fallow land, conventional cultivation
and no-till methods. Profound differences were found in the soil loss between the treatments. There was a decrease in
the soil loss of about 98% in the strip-till compared to the conventional cultivation. Moreover, the surface run-off was
reduced by 79%. The ANCOVA (analysis of covariance) models of the log-transformed soil loss on the surface run-off
and treatment were highly significant (P < 107'). The measurement results clearly demonstrate the positive effect of
the strip-till into the grass on the surface run-off and soil loss. This positive soil conservation effect was observed even
in springtime, as well as the rest of the season. Using a grass cover for establishing the maize significantly contributes
to the soil conservation on the land threatened by erosion and offers farmers a suitable way of farming when growing
maize. Strip-tilling is a technology that has great potential in sustainable farming.

Keywords: erosion control measures; rainfall simulator; soil conservation; strip-till; surface run-off

Water erosion is a global problem (Novara et al.  land blocks, but also due to the agrotechnology used.
2011) and causes destruction or damage to enormous  More than half of the agricultural land is threatened
areas of agricultural land every year (Morgan 2005). by water erosion in the Czech Republic (Janecek
Agricultural land in the Czech Republic is largely =~ 2005; Sarapatka & Bednat 2015). Soil degradation
exposed to the risk of water erosion due to the large  caused by water erosion is a complex process which
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depends on many factors (Cerdan et al. 2002), and is
also very site dependent, mainly due to the differences
in the soil climatic conditions (Davidova et al. 2015).
Over the past seventy years, large land degrada-
tion has taken place due to intensive farming, which
is continuing presently. Agricultural subsidies have
led to a significant increase in maize cultivation for
the generation of energy from biomass in the Czech
Republic. The expansion of maize acreage has resulted
in the increased risk of water erosion due to the low
vegetative soil cover after the sowing of the maize
and the linear structure (Vogel et al. 2016). Brant et
al. (2017) adds that the next major factor affecting
arable soil erosion is large distance of the maize rows.
Within optimising cultivation systems of wide-strip
crops (especially maize), new technological methods
and procedures are being researched worldwide,
which would ensure an increase in their energy and
economic efficiency. In these technologies, under
the conditions of European agriculture, a significant
emphasis is put on eliminating the degradation of
the soil processes, especially erosion, on increasing
the infiltration abilities of the soils, on mitigating
the technogenic soil compaction and on supporting
the soil structure. One of the ways on how to fulfil
the above-mentioned requirements is using a strip-
till technology (Brant et al. 2016). Strip-tilling is a
method of seedbed preparation in which confined
strips of soil are tilled prior to planting. Seeds are
then planted directly into the tilled strips, leaving
inter-row areas protected by residue while avoiding
residue contact with the seeds and seedling plants.
Interest in strip-tilling has increased in recent years
due to evidence that it combines many of the best
aspects of the no-till and conventional cultivation
systems (Randal & Hill 2000).
The main advantages of strip-tilling are obtaining
a positive soil conservation effect as a result of the
remaining crop residues in the inter-rows (Vyn &
Raimbult 1993), improving the soil conditions for
the crops’ development in the rows and depositing
fertilisers close to the roots (basic fertilisation and
the application of nitrogen) enabling a reduction in
their required amount. Another advantage is the more
favourable conditions for sowing based on an earlier
term for sowing compared to the no-till technology.
Also, the strip-till technology has lower requirements
in terms of the initial dosages of fertilisers compared
to other technologies (Sundermeier et al. 2006).
Compared to conventional technologies, the ap-
plication of a strip-till definitely leads to the overall
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decrease in the fuel consumption per area unit and,
thus, to a reduction in the energy and economical
inputs (Sundermeier et al. 2006; Brant et al. 2016).
Various experiments with sowing maize into the cover
crops (grass cover and fodder) with minimum soil
treatment as protection of the slope areas against
erosion and against washing-out the agrochemicals
have been carried out in Switzerland (Riittimann et
al. 1995).

MATERIAL AND METHODS

The evaluation of soil conservation technologies
for maize (Zea mays L.) in terms of soil conserva-
tion was carried out using a field rainfall simulator
and also based on a soil survey and taking samples.
The individual plots (established on an experimental
areas) were compared with a control plot fallow.
The magnitude of the surface run-off and soil loss
due to the erosion were observed in the individual
experiments. The verification of the technologies by
the rainfall simulator took place in 2016 and 2017.
The soil conservation technologies for the cultivat-
ing maize were established in cooperation with the
cooperative farm Krasnd Hora nad Vltavou, a joint-
stock company in the Central Bohemian region. This
cooperative is focused on animal production and it
owns two bio-gas stations. The more frequent sowing
of maize into the cropping system also follows from
these activities (other crops in the crop rotation:
canola, wheat, rye, sorghum, legumes).

Experimental areas. The study area is located in
Central Bohemia (Czech Republic) at the experi-
mental station of Skoupy (520 m a.s.l.). The climate
is moderately warm with an average annual tem-
perature of 7.5 °C and an annual precipitation of
550 mm (516 mm in 2016; 548 mm in 2017). The
geographical coordinate system is 49°34'36.456"N,
14°20'44.084"'E (Figure 1).

The soil type Cambisol was classified on all the
experimental areas — the Main Soil Unit MSU 31.
Based on the soil survey, it can be stated that the basic
physical-chemical properties are similar in terms of
the soils for the individual tested plots and, thus, the
tested plots are comparable. The upper horizon of
all the compared sites shows a texture type structure
typical of sand-loamy soils. The basic soil properties:
1.27% total oxidizable carbon (C_ ); humus 2.19%;
total nitrogen (N, ) 0.156; C/N ratio 8.1. The topsoil
layer is up to 30 cm (the soil texture: < 0.002 mm,
7.8%; < 0.01 mm, 15.5%; < 0.05 mm, 28.6%; < 0.1 mm,
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37.0%). The plots for the tested technologies were
selected particularly for their uniform slope of 15%.

Field rainfall simulator. A rainfall simulator is
a device which has been increasingly used to study
soil erosion processes, and the use of rainfall simula-
tors is widely accepted (Kovar et al. 2012; Ma et al.
2014; Lassu et al. 2015; Prosdocimi et al. 2017). The
principle of measuring by a field rainfall simulator
is based on the water spraying on a clearly defined
and delimited area of 21 m?2, when the water jets,
in a selected mode, spray water on the area for the
whole measurement time. The rainfall simulator
was situated down the slope just like the main crop
with the strips of grass. The water spraying mode
lasts for 30 min during the first rainfall simulation,
then there is a 15-min technological break, after
which the second rainfall simulation lasting 15 min
follows. The intensity of the rainfall simulation was
chosen based on the recommendation by the Czech
Hydrometeorological Institute, based on the average
intensity of torrential rainfalls in the Czech Republic.
This intensity is considered to be 60 mm/h, and,
during the mode construction, the condition (for
the course of 15 min at least 6.25 mm) stated in the
Guideline “Erosion Control in the Czech Republic —
handbook” by Janecek et al. (2012) and Wischmeier
and Smith (1978) was also taken into account.

The surface run-off and suspended solids in each
variant were measured. The surface run-off was
collected in a tipping bucket, which is a machine
enabling one to measure the surface run-off. At
constant time intervals of 3 minutes, the samples
were taken into a calibrated container of 319 mL
in size. The amount of the suspended solids for the
particular variant was determined from the samples
adjusted in this way.
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Figure 1. The geographic location of the study area

Selection of the dates for the field experiment.
The uniform and standard conditions on all the
experimental plots were selected to verify the ef-
ficiency of the erosion control measures. The terms
of the individual trials of the rainfall simulator are
based on the terms of the growing periods given for
the determining factor, the protective impact of the
vegetation cover and the tillage method. The growing
periods are defined in the Prediction Rainfall Erosion
Losses from Cropland East of the Rocky Mountains:
A Guide for Selection of Practices for Soil and Water
Conservation (Wischmeier & Smith 1965).

I. the term of the rainfall simulation — in the pe-
riod from the plot preparation for sowing up to one
month after sowing

II. the term of the rainfall simulation — in the period
for the course of the second month from the spring
or summer sowing

III. the term of the rainfall simulation — in the pe-
riod from the end of the second term of the rainfall
simulation up to harvest.

Verified variants (no-till, strip-till, conven-
tional cultivation, fallow land). The first selected
variant in order to verify the soil conservation effect
was the no-till technology. It was prepared into the
cover of desiccated rye with 75 cm wide rows. The
next technology was the strip-till (sowing maize into
the tilled strip grass cover) with the row spacing
of 75 cm. Both variants were compared with the
conventional way of maize cultivation — classical
tillage and also fallow land (maintained without
vegetation). The sowing of maize took place on the
20" of April 2016 and the 4" of May 2017. A more
detailed description of the agrotechnical operations
is stated below:

The no-till sowing of the maize into the rye cover

(width of row: 75 cm)

— in autumn, the crushing and shallow ploughing-
in of the intercrop by a disc harrow takes place;

— followed by the vertical aeration to a depth of 20 cm;

— soil preparation before sowing by a compactor 1x;

— rye sowing by the no-till sowing machine until the
end of September;

—in spring, the cover desiccation by a total herbicide;

— maize sowing by the no-till sowing machine into
rows of 75 cm.

The maize sowing into treated grass strips — strip-till

— the areal desiccation of the grass cover by a total
herbicide takes place in autumn;

— until the end of October, strip-tilling to a depth
of 25 c¢m is made in the grass cover;
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— the plot is kept in this condition until spring;

— in spring, with the appropriate moisture, strip-tilling
to a depth of 25 cm can be repeated if necessary;

— maize sowing by the no-till sowing machine into
rows of 75 cm;

— the whole area with the grass is treated by the
selective herbicide.

Conventional way of cultivating maize

— in autumn, the crushing and shallow ploughing-
in of the intercrop by a disc harrow takes place;

— followed by the deep tillage of approx. 25-30 cm
until the middle of November, without surface
levelling;

— the tillage remains in a rough furrow until spring;

— in spring, soil treating by a compactor 2x;

— sowing maize into wide strips (75 cm) from the
middle to the end of April.

Statistical analysis. Linear models were used to as-
sess how the soil loss as well as its relationship with the
infiltration differ in the different treatments. Since the
preliminary analysis revealed a considerable heterosce-
dasticity and normality violation in all the models, the
logarithmic transformation of the soil loss values was
used as a response, after which both problems were
eliminated. To avoid the problem with zeros, a small
constant (0.001) was added to the soil loss values be-
fore the transformation. This constant was chosen by a
trial-error inspection of the diagnostic plots checking
for homoscedasticity and normality. ANOVA (analysis
of variance) was used to test for the differences in the
log soil loss means in the different treatments, followed
by Tukey’s multiple comparison. Then, we modelled
the exponential relationship between the soil loss
and the surface run-off in the different treatments
by a linear ANCOVA (analysis of covariance) of the
log-transformed soil loss on the run-off interacting
with the treatment. The significance of the individual
predictors was tested using ANOVA Type-II tests. The
separate models were fitted for the first and the second
rainfall in all the analyses. To test for the difference in
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the soil loss between the first and the second rainfall,
we used the paired Wilcoxon test, using the original
(i.e., untransformed) soil loss values. All the analyses
and data manipulations were performed in the R statis-
tical program (R Core Team 2017), with the use of the
packages car (ANOVA Type II tests; Fox & Weisberg
2011) and agricolae (Tukey tests; de Mendiburu 2017).

RESULTS AND DISCUSSION

The results and evaluation of the terrain observation
are based on the field experiments with the rainfall
simulator and the laboratory measurements of the
taken soil samples and the sediment. The following
were evaluated for each variant: the magnitude of the
surface run-off and the soil loss caused by the water
erosion. Values of the surface run-off and the soil
loss gradually decreased in the course of the maize
growth. This was especially influenced by the crop
engaging and also by the natural soil compaction.
The data were evaluated separately in the first and
the second rainfall simulation.

Profound differences were found in the soil loss
between the treatments, both in the first and the
second rainfall (see Table 1 and Figure 2).In the first
rainfall, the highest and the lowest mean soil loss
was recorded in the fallow land and the strip-till,
respectively, and they differed by a factor of 46. In
the second rainfall, the treatments with the highest
and the lowest mean soil loss were the conventional
cultivation and the strip-till, respectively, the former
being 11 times higher than the latter. Interestingly,
there were also similar differences in the soil loss
variability, the standard deviations being always of
the same order of magnitude as the means (Figure 2).
Both in the first and the second rainfall, the treat-
ment had a significant effect on the log-transformed
soil loss (P < 1077), and it explained roughly 40% of
its variability (multiple R? = 0.428 and 0.421 for the
first and the second rainfall, respectively). Multiple

Table 1. The summary statistics of the soil loss under the different treatments and multiple comparisons of the results

First rainfall

Second rainfall

Treatment n

mean SD mean log hg mean SD mean log hg
Fallow land 19 6.673 6.922 1.114 a 0.484 0.650 1.114 a
Conventional cultivation 17 1.965 2.400 -0.479 a 1.727 1.948 -0.479 a
No till 16 0.836 1.390 -2.459 b 0.194 0.356 —2.459 b
Strip-till grass 18 0.144 0.235 -3.169 b 0.160 0.213 -3.169 b

n — the sample size (same for both rainfalls); SD — the standard deviation; mean log — the mean of the log-transformed soil loss;

hg — the homogeneous groups based on Tukey’s multiple comparison of the means of the log-transformed soil loss
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Figure 2. The quartile-based boxplots summarising the soil
loss for the different treatments and the first (grey boxes)
and the second (white boxes) rainfall

comparisons identified two homogeneous groups,
identical in both rainfalls, with the fallow land and
the conventional cultivation in one group and the
strip-till grass together with the no-till in another
group (Table 1). There was no significant overall
difference (evaluated across all the treatments) in
the soil loss between the first and the second rainfall
(Wilcoxon statistic = 2 409.5, P = 0.866).
Generally, there is only little research in the strip-
till technology into the grass cover. Our results are
the first ones to provide information about the soil
loss of the strip-till into the grass in the conditions of
the Czech Republic. In the two-year measurements,
a 98% decrease in the soil loss was achieved in the
strip-till compared to the conventional cultivation.
The soil loss was, in both research years, very similar
without significant differences. Ryken et al. (2018) state
areduction of the soil loss in the strip-till technology
(99%). Other results related to this technology were

published by Wischmeier and Smith (1978). They
determined the efficiency of the strip-till into the
grass cover of between 95-97%. These results are not
different from our values. Another research effort was
recorded by Prasuhn (2012). In this case, a strong soil
conservation effect was measured on the experimental
plots in Switzerland. The soil loss achieved the value
of 0.12 t/ha/year in the no-till (strip-till), while, in
the plough tilled land, the soil loss was 1.24 t/ha/year.
For the soil conservation technologies which include
the strip-till, Wendt and Burwell (1985) recorded a
reduction in the erosion higher than 90% compared
to the conventional cultivation. Likewise, McGregor
and Mutchler (1992) state a lower soil loss by 97% in
the soil conservation technology.

The ANCOVA models of the log-transformed soil
loss on the surface run-off and the treatment for the
first and the second rainfall were both highly signifi-
cant (P < 107°) and both explained 79% of the soil loss
variability. The significance of the individual predic-
tors and their interaction is summarised in Table 2,
the regression lines back-transformed to the original
scale are displayed in Figure 3. As expected, the sur-
face run-off had a significant effect on the log soil
loss (Table 2), all the slopes being positive (Figure 4).
The surface run-off was reduced by 79% compared to
the conventional tillage. In a similar way, Bosch et al.
(2005) state that the surface run-off losses from the
conventionally tilled plots exceeded those from the
strip tilled plots by 81%. In both rainfalls, the regres-
sion slopes significantly varied between the treatments
(see the significant interaction terms in Table 2), the
fallow land having the lowest slope and the strip-till
having the largest (Figure 4).

The presented results of the rainfall simulation
show that the technology of the strip-till offers
strong protection against water erosion. There is
an increase in the surface water infiltration into the
soil compared to the conventional cultivation. If a

Table 2. The analysis of variance tables for the ANCOVA (analysis of covariance) models of the log-transformed soil loss

on the surface run-off interacting with the treatment

First rainfall

Second rainfall

Source of variability

sum of squares df F statistic? sum of squares daf F statistic®
Run-off 149.70 1 91.09%** 130.64 1 94.36***
Treatment 21.73 3 4.41%* 10.68 3 2.57
Run-off : treatment 22.93 3 4.65"" 16.92 3 4.07*
Residual 101.90 62 - 85.84 62 -

df — the degrees of freedom; °F tests are of type II, following the principle of marginality; ***P < 0.001; **0.001 < P < 0.01;

*0.01 < P<0.05
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Figure 3. The relationships between the soil loss and the surface run-off for the different treatments, for the first (full

circles and solid lines) and the second (open circles and dotted lines) rainfall

The lines represent the exponential regressions coming from the ANCOVA (analysis of covariance) models fitted separately

for the first and the second rainfall data, with the log-transformed soil loss as a response and the surface run-off interacting

with the treatment as the predictors

surface run-off occurs, the soil particles are released
due to the strip-till from a significantly smaller area
compared to the tillage.

The strip-till of the grass cover shows, in most
cases of measuring zero soil loss values, when only
clean water without sediments flowed from the soil
surface. The fluctuations in the values in some meas-
urements were influenced by the tractor tire track
or by damaging the surface due to black game. All
the experimental variants were prepared in the di-
rection of the water flow line (down the slope). In
practice, the leading grass strips in the direction of
the contour line is expected, thus, achieving even
better soil protection against erosion and surface
run-off. Simultaneously, this technology supports the
soil structure, reduces the evaporation from the soil,
there is a better use of the nutrients from the applied
fertilisers, which, in the final effect, contributes to a
higher yield stability and production quality (Mor-
rison 2002; Ferndndez et al. 2015).

Relatively favourable results were detected in the
variant of the no-till into the rye cover. However,
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Figure 4. The estimates of the regression slopes and their
standard errors from the linear regression of the log-trans-
formed soil loss on the surface run-off for the different
treatments

Data from the first (full circles and solid error bars) and the second
(open circles and dotted error bars) rainfall experiments were
analysed by separate ANCOVA (analysis of covariance) models
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it cannot be applied on all soil types. For example,
in heavy loam soils there was a problem with the
closure of the groove after sowing.

CONCLUSION

Maize is one of the most frequently grown agricultural
crops in the Czech Republic. From the two years-worth
of measurements it is apparent that the technologies
for establishing maize into the grass strips provide a
very strong soil conservation effect compared to the
conventional technology. The soil loss was reduced
to a minimum in the strip-till technology in all the
realised measurements by the rainfall simulator. Also,
the surface run-off was significantly reduced. On the
other hand, the results of the conventional cultiva-
tion on the soil threatened by erosion show that the
soil conservation effect is insufficient. When growing
maize, the most prone period is the time after seeding.
There is no soil conservation effect in the conventional
technology because the plant cover is low. This is the
main difference between the conventional technol-
ogy and the strip-till into the grass. The strip-till
technology has a positive conservation effect even in
the springtime before sowing. The main aim of this
paper was to introduce the results from the rainfall
simulator measuring, as well as a new technological
method on how to use grass covers for establishing
maize and, thus, to contribute to the soil conservation
on soils threatened by erosion. Due to the fact that the
soil loss and surface run-off were lower throughout
the season, it can be concluded that the strip-till is a
suitable soil conservation technology for maize.
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Soil degradation and water erosion are undoubtedly serious global problems. Moreover, excessive surface runoff and the lack
of water in landscape are problems encountered not only in the Czech agricultural land. This condition is unsustainable in the
long-term and it is necessary to find, verify and quantify suitable agricultural methods for reducing soil degradation. In this
study, we tested two soil conservation technologies for sorghum (Sorghum bicolor) cultivation. Our results show that erosion
was reduced by more than 78% (no-till) and 89% (no-till: narrow row) in rainfall simulation on naturally moist soil compared
to conventional cultivation. Also, the use of conservation technologies reduced surface runoff (52% no-till, 68% no-till: nar-
row row). Sorghum has similar agronomic requirements as maize but it has the advantage of a good dryness tolerance and a
high water use efficiency. The two-year research (2014, 2017) took place in the Central Bohemian Region. Soil degradation
was verified using a rainfall simulator. The results have shown that both no-till technologies have a significant (P < 0.05) soil
conservation effect.
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several reasons: conventional plowing, removal of the
original vegetation, use of pesticides and herbicides
that damage biological activity in soils (Pelosi etal.,
2013), low overall vegetation cover, soil compaction
due to machinery traffic (Taroll1i etal., 2014), organic
matter loss (Kabelka etal. 2019), and absence of
soil erosion control measures (Arnaez etal., 2015).

INTRODUCTION

Soil loss and insufficient water infiltration in
agriculture are one of major worldwide problems
(Boardman etal.,, 1990; Novara etal., 2011).
In the Czech Republic more than 51% of agricultural

land is threatened by soil degradation (Sarapatka,
Bednar, 2015). Rainfall-induced soil erosion risk
is especially high during summer storms or the early
wet season, when plant cover is low (Taguas etal.,
2015). As a result, there is excessive surface runoff,
soil erosion and smaller fertility. Soil loss and surface
runoff are increased especially due to soil manage-
ment and tillage practices (Blavet et al., 2009;
Vanwalleghem etal., 2011). Indeed, there are

Therefore, there is a need to find soil conservation
technologies that will make agriculture sustainable.
The crop which significantly contributes to water
erosion and surface runoff is sorghum (Sorghum bi-
color). Sorghum is globally the fifth most important
cereal in terms of acreage and production (Beta,
Corke, 2004). The main reason for sorghum high
erodibility is insufficient soil conservation during the
entire year. The bare surface is affected by intense

* Supported by the Ministry of Agriculture of the Czech Republic, Project No. QI1520026.
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storms that induce severe water erosion and runoff
processes (Borga etal., 2011). Sorghum has a great
drought tolerance and requires minimum fertilization
on agriculture lands (Dicko et al., 2006). In the
Czech Republic, maize is the most cultivated agricul-
tural crop, but the advantage of sorghum compared
to maize is a significantly lower need for water. The
weather is becoming more extreme and there is a po-
tential for sorghum cultivation in the conditions of the
Czech Republic. Currently there are several kinds of
soil conservation technologies for sorghum, but their
evaluation needs further research.

The beneficial effects of soil conservation tech-
nology can be summarized as follows: (1) higher
water retention in landscape (Cook et al., 2000;
Mulumba, Lal,2008),(2) protection of soil against
raindrop impact, reducing erosion rates (Sadeghi
et al., 2015), (3) decreased sediment and nutrient
concentrations in runoff (Gholami et al., 2013),
(4) decreased runoff generation rates and surface flow
velocity by increasing roughness (Cerda, 2001),
(5) improved infiltration capacity (Wan g etal.,2014),
(6) increased activity of some species of earthworms
and microorganisms (Wooldridge, Harris,
1991), (7) enhanced soil physical conditions such as
soil structure and organic content (Jordan et al.,
2011; Karami et al., 2012), (8) reduced topsoil
temperature for more optimum germination and root
development (Dahiya etal., 2007) and decreased
evaporation (Uson, Cook, 1995).

One kind of conservation technologies is the no-till
technology which we tested in our research. The basic
principles of no-till agriculture include the follow-
ing: growing crops without using traditional tillage,
retaining surface residue that reduces erosion, sowing
directly into the soil covered by residue mulch. In
addition to erosion control, no-till also saves energy
(Javurek et al. 2007; Vach et al. 2016). Other
types of soil conservation technologies are e.g. strip-
till or cover crops (Brant et al., 2017). In some
cases, afforestation can be a possible way to improve
degraded soil. Afforestation of agricultural lands con-
stitutes a serious change in soil dynamics (Holubik
et al., 2014; Podrazsky etal., 2016) and it has a
positive influence on physical characteristics of soil
(Podrazsky etal., 2015).

MATERIAL AND METHODS

The two-year research took place close to the vil-
lages Krasna Hora nad Vltavou (in 2014) and Petrovice
(in 2017) located in the Central Bohemian Region.
Typical climate is slightly warm and dry. The terrain
of wider surroundings is rugged. Soils were classified
as Haplic Cambisols (Nemecek etal., 2011).

In our research focused on water erosion, surface
runoff and infiltration we tested five soil conserva-

tion technologies: (1) control — bare soil, when the
experimental plot was left completely without plant
cover(Wischmeier, Smith, 1978); two technolo-
gies of conventional cultivation: (2) growing crops in
0.75 m wide rows (like in maize) and (3) narrow-row
cultivation in just 0.375 m wide rows; and two tech-
nologies of no-till cultivation (growing crops without
using traditional tillage and sowing directly into the
soil covered with a residue mulch): (4) with a seeder
specifically designed to cut through the residue and
sow seed in 0.75 m wide furrows and (5) narrow-row
cultivation in 0.375 m wide rows. By the no-till cul-
tivation, the pre-crops were Phacelia tanacetifolia in
2014 and Secale cereal in 2017.

The plots suitable for the technologies verification
were selected particularly for their slope uniform-
ity — around 12% (Petrovice) and 8% (Krasna Hora
nad Vltavou). The verification and check of selected
technologies took place at three developmental stag-
es of the crop cover. The plots were 20 m long and
7 m wide. The experimental plots with sorghum were
established in three replications because of three terms.
For this reason, unique rainfall simulations for each
technology type in each term could be carried out.
Overall, for each technology, there were six simula-
tions of rainfall within the two years. The terms were
determined according to the guidelines Erosion control
in the Czech Republic — A handbook (Janecek et
al., 2012). The individual measurement terms are
defined below.

Term I (the second growing period). The period
from plot preparation for sowing up to one month
after sowing or planting. At the end of the second
growing period the plant height was the following:
conventional cultivation — 30 ¢cm; conventional cul-
tivation: narrow-row — 30 ¢cm; no-till cultivation —
14 c¢m; no-till cultivation: narrow-row — 14 cm.

Term II (the third growing period). The period
for the duration of the second month from spring or
summer sowing. Before rainfall simulation the plants
of sorghum had the following height: conventional
cultivation — 210 cm; conventional cultivation: narrow-
row — 215 c¢m; no-till cultivation — 110 ¢cm; no-till
cultivation: narrow-row — 100 cm.

Term III (the fourth growing period). The period
from the end of the third period up to harvest. The
plants under the used technologies had the following
height: conventional cultivation — 240 cm; conventional
cultivation: narrow-row — 240 cm; no-till cultivation
— 200 cm; no-till cultivation: narrow-row — 200 cm.

The soil erosion and runoff processes were measured
using a rainfall simulator. The measuring principle
is based on rainfall simulation on a clearly defined
and designated area. The size of the rainfall simula-
tion area was 21 m2, from which the surface water
subsequently flowed along with eroded soil particles.
During the rainfall simulation the surface runoff sam-
ples were always taken at the place of outflow into
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a calibrated container (319 ml volume). Sampling
took place every three minutes with the aim to gather
the total amount of eroded particles. After the simu-
lation, each sample was oven-dried (Memmert UFB
400; Memmert, Germany) for 12 h at 105 °C under
laboratory conditions. The amount of eroded undis-
solved particles for the particular technology was
determined from the samples adjusted in this way. The
total amount of eroded sediment from the verified area
can be calculated by multiplying the average amount
of undissolved particles in one sample and the size of
surface runoff. Soil loss was assessed based on sum-
mary statistics for the used technologies. To test for
difference in soil loss, the F-test and consequently ¢-test
(P <0.05) were used. The rainfall simulator allows for
monitoring the erosion effect, but also the beginning
and the end of surface runoff or the soil infiltration
ability. The infiltration was determined based on the
total amount of water and surface runoff captured
during the simulation. The measured values included
an error line segment describing the deviation in the
measurements during the season.

The rainfall simulation provided a comprehensive
set of information on the selected technologies and
their soil conservation effectiveness during the time
of torrential rainfalls. During the verification process
the soil and slope conditions of the individual options
must be as much similar as possible. Therefore the
technologies were used and verified in the same place.

The rainfall simulation was carried out in two
consecutive repetitions. The first rainfall simulation
took 30-minute followed by a 15-minute technological
break. Then the second (repeated) 15-minute rainfall
simulation took place. The two rounds of rainfall
simulation were selected in order to simulate rainfall
on naturally moist soil and subsequently on already
water-saturated soil. As for the rain simulator, the
rainfall intensity was set at 60 mm/h. The conditions
stated by Janecek et al. (2012) were taken into
account when setting the rainfall simulation regime.
This intensity was chosen based on the recommenda-

I. term of measurement - naturally moist soil
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Fig. 1: The average relative values of soil loss and surface runoff from

all rainfall simulations in the first term (30-minute-simulation)

tion of the Czech Hydrometeorological Institute and
it reflects the average intensity of torrential rainfalls
in the Czech Republic.

RESULTS

Soil loss and surface runoff are related to bare
soil, which was regarded as the control technology.
Although the same method was applied during the
simulation, it is not possible to compare the results
for individual terms without converting them into
a percentage expression. This is caused by the fact
that during the technologies verification the soil
moisture and temperature parameters may differ.
For this reason the presented graphs are expressed
in percentage, where the bare soil is considered the
basis. In this way the individual terms during one
year could be compared.

Rainfall simulation outcomes

Term I. The values measured during the rainfall
simulations on naturally moist soils and already satu-
rated soil are shown in Figs. 1 and 2. The worst results
of soil loss were measured by the conventional culti-
vation (naturally moist soil 66.1%; already saturated
soil 57.2%). As early as during the first term, a posi-
tive effect on soil conservation was observed in both
no-till technologies. Soil loss was lower more than
one-third compared to conventional cultivation. The
surface runoff was reduced as well. The best values
were achieved by the technology no-till: narrow row.
The surface runoff was lower on naturally moist soil by
61.2% compared to conventional cultivation. Equally,
the technology conventional cultivation: narrow-row
achieved positive results but the difference was not
so significant.

Term II. The influence of no-till technologies
on reducing soil loss was clearly apparent also in
the second term of simulation. The measured values

I. term of measuremnt - already saturated soil
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cultivation cultivation: row

narrow-row

Fig. 2: The average relative values of soil loss and surface runoff from

all rainfall simulations in the first term (15-minute-simulation)
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were similar in character to those in term I but the
differences in the total soil loss between bare soil and
other technologies were higher. For example, no till:
narrow row technology showed the soil loss only 0.8%
related to bare soil. Excessive surface runoff showed
the technology of conventional cultivation (naturally
moist soil 94.3%; already saturated soil 93.3%). No-
till technologies (no-till, no-till: narrow row) reduced
surface runoff compared to conventional cultivation in
both simulations. No-till: narrow row showed by 81.3%
lower surface runoff during the simulation on naturally
moist soil compared to conventional cultivation. The
amount of soil loss and surface runoff during rainfall
simulations is depicted in Figs. 3 and 4.

Term III. There was a still lower soil loss by both
no-till technologies in the third term. The character of
soil loss was again very similar to that in the previous
two terms. The exception was no-till technology in the
second simulation on already saturated soil where there
was a low difference between conventional cultivation
and no-till technology (10.4%). The values of surface
runoff were positive in no-till technologies. The best
value was measured in no-till technology on naturally
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Fig. 3: The average relative values of soil loss and surface runoff from

all rainfall simulations in the second term (30-minute-simulation)
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Fig. 5: The average relative values of soil loss and surface runoff from

all rainfall simulations in the third term (30-minute-simulation)
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moist soil (surface runoff by 96% lower compared
to conventional cultivation). By the remaining two
technologies there was an excessive surface runoff
(conventional cultivation, conventional cultivation:
narrow row). The results from rainfall simulations
are presented in Figs. 5 and 6.

Research results evaluation

A characteristic feature of soil conservation tech-
nologies (including no-till technologies) during cul-
tivation is retaining the residues of biomass on the
soil surface (Alberts, Neibling, 1994). Bare
soil, being considered the worst option, was chosen
as the control plot to which the outcomes of the other
used technologies were related. Surface runoff results
of conventional cultivation do not differ much from
those in bare soil. This fact points out to insufficient
soil conservation efficiency of the traditional way of
farming. Likewise, soil loss is high by the technology
of conventional cultivation. Both no-till technologies
(no-till and no-till: narrow row) provide much better
results in all measuring characteristics compared to

II. term of measurement - already saturated soil

soil loss  Osurface runoff

93.3
80 A
61.2
60 4 52.0
40 1 37.0
20 A 15.2
49 5.1 15
0

conventional
cultivation

Values related to bare soil (%)

conventional no-till no-till: narrow-
cultivation: oW
Narrow-row

Fig. 4: The average relative values of soil loss and surface runoff from

all rainfall simulations in the second term (15-minute-simulation)

III. term of measurement - already saturated soil
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0 A

conventional
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Values related to bare soil (%)
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Fig. 6: The average relative values of soil loss and surface runoff from

all rainfall simulations in the third term (15-minute-simulation)
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Table 1. Average values from three terms of rainfall simulation measurements in the seasons 2014 and 2017

Surface runoff Soil loss
Type of technology
(mm) (%) (tha™) (%)
bare soil 18.13 100 11.13 100
conventional cultivation 16.48 90.92 3.52 31.6
Naturall ist soil
a ura'l y.m01s ,SOI conventional cultivation: narrow-row 14.74 81.3 2.77 24.9
(30-min simulation)
no-till 7.82 43.15 0.75 6.69
no-till: narrow-row 5.14 28.35 0.38 3.4
bare soil 10.7 100 4.54 100
conventional cultivation 9.98 93.27 1.46 32.09
Al turat il
ready saturated soil || tional cultivation (narrow-row) 8.64 80.78 0.88 19.27
(15-min simulation)
no-till 6.37 59.5 0.57 12.44
no-till: narrow-row 5.36 50.11 0.26 5.69
Table 2. Basic statistical parameters of soil loss
Basic parameters Conventional cultivation Conventional cultivation: narrow row No-till No-till: narrow row
Mean 2.487 1.823 0.655 0.318
Variance 7.549 4.58 0.711 0.229
Observations 12 12 12 12
Table 3. F-test for soil loss values
Conventional | Conventional cultivation: . L. . Conventional No-till:
Technology L. Conventional cultivation | No-till L
cultivation narrow row cultivation narrow row
Degree of freedom 11 11 11
F-test value 1.648 10.622 32.988
Prvalue 0.03 0.21 2.37E-04 8.13E-07
(one-tail)
F-test c'rltlcal value 2818 2818 2318
(one-tail)

conventional cultivation. Erosion was reduced by more
than 78% (no-till) and 89% (no-till: narrow row) in the
rainfall simulation on naturally moist soil compared to
conventional cultivation. In the case of rainfall simu-
lation on already saturated soil erosion was reduced
by 61% (no-till) and 82% (no-till: narrow row). The
surface runoff in conservation technologies compared
to conventional cultivation was reduced as follows:
naturally moist soil — 52% (no-till) and 68% (no-till:
narrow row); already saturated soil — 36% (no-till) and
46% (no-till: narrow row). Conventional cultivation:
narrow row also showed in most cases better results,
but the soil conservation effect was not so high. The
average values from all measurements are summarized
in Table 1. For soil loss results we determined basic
statistic parameters, F-test and #-test (Tables 2—4). The
outcomes show that the values for no-till technologies
are statistically different (P < 0.05) from those for
conventional cultivation.

SCIENTIA AGRICULTURAE BOHEMICA, 517, 2020 (1): 31-39

In this study, we further evaluated the infiltration
process during rainfall simulation. A lower surface
runoff from plots means a higher infiltration. The
measured values are given in Figs. 7 and 8. In the
rainfall simulation on naturally moist soil, the infil-
tration was higher by 8.68 mm in no-till technology
and by 11.37 mm in no-till: narrow row technology
compared to conventional cultivation. Also, infiltra-
tion was the highest in no-till technologies on already
saturated soil.

DISCUSSION

The study results are among the first to provide
information on the soil conservation efficiency of no-
till technologies during sorghum cultivation under the
conditions of the Czech Republic. The most important
outcomes of this research concern the rate of water
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Table 4. t-Test for soil loss values

Conventional | Conventional cultivation:
cultivation narrow row
Technology
two-sample assuming equal variances
Pooled variance 6.065
Hypothesized 0
mean difference
Degree of freedom 22
t-Test value 0.66
P-value 0.05 (one-tail) 0.258
t-Test critical value
. 1.717

(one-tail)
P-value 0.05 (two-tail) 0.516
t-Test critical val

es C.rl ical value 2074
(two-tail)

Conventional No-till Conventional No-till:
cultivation cultivation narrow row
two-sample assuming two-sample assuming

unequal variances unequal variances

X X
0 0
13 12

2.208 2.693

0.023 0.01

1.771 1.782

0.046 0.02

2.16 2.179

erosion, surface runoff and infiltration when applying
the conventional cultivation and no-till technologies.
Based on our evaluation, it is apparent that no-till has
a significant (P < 0.05) impact on soil conservation.
On the contrary, the values measured in conventional
cultivation show insufficient soil conservation before
degradation. Blanco, Lal (2010) stated that the
main cause of erosion and excessive surface runoff
on the plots is a low soil cover. In this study we have
arrived to the same conclusion. Erosion and surface
runoff are much higher by conventional cultivation
where there is no vegetation cover.

A direct correlation between erosion and soil man-
agement has been found by many authors (Shipitalo,
Edwards, 1998;Javurek etal., 2008). Soil con-
servation technologies have been recognized as ef-
fective methods for controlling soil erosion (L al et

The amount of infiltration - naturally moist soil
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Fig. 7: Infiltration during the season from years 2014 and 2017

(30-minute-simulation)
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al., 2007). Accordingto Wendt, Burwell (1985)
erosion was reduced by more than 90% in the case of
soil conservation technologies leading to a significant
reduction of soil degradation processes. Strauss et
al. (2003) analyzed 68 studies with 160 comparable
results where soil erosion and surface runoff were
determined under different soil tillage practices. On
the average, soil conservation technologies have re-
duced soil erosion by 60% (arithmetic mean) and 76%
(median). For the no-till technology Prashun (2012)
stated a 90.3% reduction in erosion. Nyakatawa
et al. (2001) estimated that the no-till technology
reduces soil erosion by water by 75% compared to
conventional tillage. Basically, our results are similar
to those given by other researchers. A comparable
research with sorghum was carried out by Gilley
et al. (1986). From this research it is obvious that the

The amount of infiltration - already saturated soil
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Fig. 8: Infiltration during the season from years 2014 and 2017

(15-minute-simulation)
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higher the amount of residuals on the surface, the lower
the soil loss and the surface runoff. In a similar way
McGregor, Mutchler (1992) associated the
degradation processes with the conservation tillage and
no-till technology for sorghum. In no-till technology
for sorghum the soil loss was reduced by 97% and
the surface runoff was reduced by 44% compared to
conventional cultivation. The values stemming from
our rainfall simulation are from a two-year research
and a certain dispersion cannot be excluded, however,
there is only a little presumption of significant changes
in the measured results.

CONCLUSION

The issue of soil loss and excessive surface runoff
accompanying the conventional cultivation of sorghum
is highly important. The results obtained in our study
indicate that growing sorghum in erosion prone areas
requires application of a different agricultural method.
The rainfall simulation results show that the final
soil loss caused by water erosion and surface runoff
can be quite effectively reduced by using the no-till
technology. During the season, the amount of soil
loss in plots with no-till technologies was reduced
to a minimum compared to conventional cultivation
(by more than three-quarters in naturally moist soil).
Similarly, the amount of surface runoff was reduced in
plots with no-till technologies. The most prone period
is the time after seeding because the plant cover is
low. Nevertheless, the no-till technology shows a soil
conservation effect even in the first stage. Thus, in
the period of most frequent torrential rains the no-till
technology prevented soil erosion. Due to the fact that
soil erosion and surface runoff were lower by the soil
conservation technologies compared to the conven-
tional cultivation in all realized measurements, it can
be concluded that the no-till technology significantly
(P < 0.05) reduced soil loss and surface runoff.
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